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Appendix G

Process Flow Diagrams

Note: Larger format (11" x 17") versions of these Process Flow Diagrams are available upon regquest from
rwooley@nrel.gov.
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COMPONENT UNITS 101 Heat Stream No. M M kcall hr W ork Stream No. kw
Total Flow kg/hr 159,948 WC101 2.98
Insoluble Solids % 52.1% WC102 11.19
Soluble Solids % 0.0% WC103 22.37
Temperature C 20 WC104 2.98
Pressure atm 1.00 WC105 37.29
Vapor Fraction 0.00 WC106 0.75
Ethanol kg/hr wcio7 11.18
W ater kg/hr 76,615 wcio8 27.96
Glucose (SS) kg/hr WM101 6.22
Xylose (SS) kg/hr WM104 391.50
Arabinose (SS) kg/hr wS101 0.00
Other Sugars (SS) kg/hr ws102 29.83
Cellobiose (SS) kg/hr wsio03 29.83
Glucose Oligomers (SS) |kg/hr wwiol 149.10
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr Eqg.No Equipment Name Req. | spare |Equipment Type M at Const.
(NH4)2S04 (SS) kg/hr c-101 Hopper Feeder 3 1|VIBRATING-FEEDER cs
NH4Acetate (SS) kg/hr c-102 Transfer Belt Conveyor 1 0 |BELT cs
Others (Soluble Solids) | kg/hr 25 C-103 |Radial Stacker Conveyor 1 o[BELT cs
A cetic Acid kg/hr C-104 Reclaim Hopper Feeder 2 O|VIBRATING-FEEDER Ccs
Sulfuric A cid kg/hr C-105 R eclaim Hopper Conveyor 1 o|BELT cs
Furfural kg/hr C-106 Chip Washer Feeder 4 O|VIBRATING-FEEDER cs
HM F kg/hr c-107 Scalper Screen Feeder 2 o|BELT cs
Carbon Dioxide kg/hr C-108 |Pretreatment Feeder 1 osELT cs
M ethane kg/hr M-101 |Hydraulic Truck Dump with Scale 3 1|TRUCK-SCALE cs
Oxygen kg/hr M-103 |Front End Loaders 2 o|LoADER
Nitrogen kg/hr M-104 |Disk Refiner System 1 o|mISCELLANEOUS SS316
Ammo nia kg/hr S-101 | M agnetic Separator 1 o|mMAGNET
NH40H kg/hr S-102 |Scalper Screener 2 o|screen Cs
Others kg/hr S-103  |Chip Thickness Screen 1 o|screen cs
Cellulose (IS) kg/hr 35,556 T-101 Dump Hopper 3 1|VERTICAL-VESSEL cs
Xylan (1S) kg/hr 15,879 T-102 Reclaim Hopper 2 O |VERTICAL-VESSEL cs
Arabinan (IS) kg/hr 658 T-103 W ashing /R efining Surge B in a 0|VERTICAL-VESSEL cs
Other Sugar Polymers (I1S) | kg/hr 3,474 W-101 Chip W asher System a 0|MISCELLANEOUS SS304;SS316
Cellulase (IS) kg/hr
Biomass (15) oI VER| DESCRIPTION DATE NATIONAL RENEWABLE

A | SUBCONTRACTOR UPDATE 10/98 hla-l ENERGY LABORATORY
Zymo (IS) kg/hr -
Tignin (5) o Thr 53068 B | BASECASE UPDATE 11/98 Bi .

¢ |DESIGN REPORT 2/99 iotechnology Center For Fuels And Chemicals
Sypsum (19) kg/hr D [FINAL 1999 DESIGN REPORT 6/99 SECTION A100
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) | kg/hr 2674 WOOD CHIP FEED HANDLING
Enthalpy Flow (millions) | Kcall hr -455.2 ]
e s R99BAXIs | PFD-P100-A101 | D
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COM PONENT UNITS 101 211 212 214 215 216 217 218 220 233 235 501 502 520 710 Heat Stream No. M M keall hr W ork Stream No. W

Total Flow kg/hr 159,948 47,637 921 48,559 16,960 44,596 270,063 45,134 224,928 304 641 380,209 380,209 45,134 1,867 oH201 5300 WCo01 3656

Insoluble Solids % 52.1% 0.0% 0.0% 0.0% 0.0% 0.0% 21.8% 0.0% 26.1% 0.0% 0.0% 8.3% 8.3% 0.0% 0.0% WM 202 863.08

Soluble Solids % 0.0% 0.3% 0.0% 0.3% 0.0% 0.0% 7.9% 0.1% 9.4% 0.0% 0.0% 2.9% 2.9% 0.1% 0.0% WP20L 030

Temperature S 20 74 20 74 164 268 190 101 101 20 20 95 30 100 20

Pressure atm 1.00 3.00 3.40 4.00 4.42 13.00 12.20 1.00 1.00 3.40 3.40 4.00 0.90 1.00 1.00

Vapor Fraction 0.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00

Ethanol kg/hr 38 38 38 29 9 18,701 18,701 29

W ater kg/hr 76,615 47,002 47,002 16,960 44,596 183,384 43822 139,562 308,205 308,205 43822

Glucose (SS) kg/hr 2,568 2,568 219 219

Xylose (SS) kg/hr [5) ) 13,533 ) 13,533 721 721 )

Arabinose (SS) kg/hr 0 ) 561 ) 561 569 569 )

Other Sugars (SS) kg/hr 2,895 2,895 2,936 2,936

Cellobiose (SS) kg/hr 263 263 383 383

Glucose Oligomers (SS) kg/hr 423 423 3,021 3,021

Xylose Oligomers (SS) kg/hr 0 ) 827 ) 827 1,006 1,006 )

Other Oligomers (SS) kg /hr

Corn Steep Liquor (SS) kg/hr 130 130 130 31 99 2,327 2,327 31

(NH4)2S04 (SS) kg/hr

NHaAcetate (SS) kg/hr

Others (Soluble Solids) kg/hr 25 25 25 29 29

Acetic Acid kg/hr 205 205 4,071 265 3,806 2,545 2,545 265

Sulfuric Acid kg/hr 0 921 921 921 ) 921 304 641 295 295 ) 1867 Eq.No. |Equipment Name Req. [Spare |Equipment Type M at Const.

Furfural ko /hr 117 117 1.203 736 266 1.010 1010 736 A-201 |In-line Sulfuric Acid M ixer 1 o[sTaTIC SS304

HM F kg/hr 39 39 405 248 157 340 340 248 Cc-201 Hydrolyzate Screw Conveyor 1 0 |SCREW SS316

Carbon Dioxide kg /hr 487 487 H-201  |Beer Column Feed Economizer 2 1|SHELL-TUBE 304SS

M ethane kg/hr M-202 |Prehydrolysis/Screw Feeder/Impregnator Rea 1 o|scrEw HASTELLOY-C 200;9

Oxygen kg/hr 0 o P-201 Sulfuric Acid Pump 1 1|CENTRIFUGAL SS304

Nitrogen kg/hr o o T-201 | Sulfuric Acid Storage 1 0 |VERTICAL-VESSEL PLASTIC

Ammonia kg/hr 0 0 0 0 0 12 12 0 T-203 Blowdown Tank 1 0|VERTICAL-VESSEL SS316

NHaOH kg/hr

Others kg/hr 15 15 15 3 12 5,787 5,787 3

Cellulose (IS) kg/hr 35,556 32,747 32,747 3,631 3,631

Xylan (1S) kg/hr 15,879 794 794 794 794

Arabinan (1S) kg/hr 658 33 33 33 33

Other Sugar Polymers (IS) |kg/hr 3,474 174 174 164 164

Cellulase (1S) kg/hr 624 624

Biomass (1) kg/hr 245 245 V/ER SESEEFSE‘R%TOR UPDATE D:/TEEB — NN RENEWABLE
NR=! ENERGY LABORATORY

Zymo (IS) kg/hr 1,061 1,061 B | BASECASE UPDATE 9/98 ——

Lignin (IS) kg/hr 23,068 23,068 23,068 23,068 23,068 ¢ |DESIGN REPORT 2/99 Biotechnology Center For Fuels And Chemicals

Gypsum (IS) kg/hr 8 8

PYCIIERTS) Py D |FINAL 1999 DESIGN REPORT 6/99 SEC‘HON AZOO

Others (Insoluble Solids)  |kg/hr 4,674 1,986 1,986 1,986 1,986 PREHYDROLYS‘S

Enthalpy Flow (millions) Kcall hr -455.2 1772 1.8 “179.0 53.3 -138.0 825.4 “140.1 6853 0.6 12 “12955 13175 S162.2 3.6

‘Average D ensity g/ml 1.217 0.945 3.102 0.951 0.002 0.005 1.000 0.001 1124 3.102 3.102 0.971 0.960 0.009 3.102 L 6/23/99 RmA-XIS ‘ PFD*PW 00—A201 D
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P-224
COMPONENT UNITS 219 220 221 225 230 232 240 242 243 244 245 246 247 250 302 303 403 410 Heat Stream No M M kcall hr W ork Stream No. kw
Total Flow kg/hr 131,896 224,928 209,657 147,167 215571 362,738 209,657 1.139 65828 66,967 29,862 213,845 92,641 362,738 309,244 34,360 957 18,176 QH200 560| |wczoz 2459
Insoluble Solids % 02% 26.1% 01% 20.0% 0.0% 16.2% 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 16.2% 16.2% 16.2% 16.2% 16.2% WP224 5904
Soluble Solids % 11% 9.4% 76% 26% 74% 6.3% 76% 0.0% 0.0% 0.0% 0.3% 75% 2.9% 6.3% 6.3% 6.3% 6.3% 6.3% WP225 1521
Temperature c 47 101 75 75 51 59 20 20 73 50 74 70 70 59 59 59 59 59 WP226 2312
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 17.00 3.00 3.00 3.00 3.00 3.00 1.00 1.00 1.00 1.00 1.00 WP227 46.94
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 WSs202 44.60
Ethanol kg/hr 18 9 19 8 43 52 19 24 43 52 44 5 o 3 ws221 2.24
W ater kg/hr 128,033 139,562 188,193 79,402 197,587 276,989 188,193 65,828 64,623 29,520 195,535 87,893 276,989 236,141 26,238 731 13,880 WT232 25.55
Glucose (SS) kg/hr 0 2,568 1,806 762 1802 2,564 1,806 1806 2564 2186 243 7 128
Xylose (SS) g/hr 109 13533 9,594 2,048 9,572 13,620 9,594 0 9,594 13,620 11611 1,290 36 662
Arabinose (SS) kg/hr 56 561 255 192 254 646 255 o 255 646 551 61 2 32
Other Sugars (5S) g /hr 244 2895 2348 591 2343 3333 2348 2348 3,333 2,842 316 B 167
Cellobiose (SS) kg/hr 58 263 225 95 225 320 225 225 320 273 30 1 16
Glucose Oligomers (SS) kg/hr 456 423 618 261 617 878 618 618 878 748 83 2 44
Xylose Oligomers (SS) kg/hr 152 827 688 290 687 977 688 o 688 977 833 93 3 49
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 191 99 204 86 285 371 204 82 285 371 316 35 1 19
(NH4)2504 (SS) kg/hr 915
NH4 Acetate (SS) kg/hr 3,606 Eg.No Equipment Name Req. |Spare |Equipment Type M at Const.
Others (Soluble Solids) kg/hr 3 25 20 B 20 28 20 20 28 24 3 0 T A-202 | In-line NH3 M ixer 1 o[sTATIC $5304
A cetic Acid kg/hr 450 3,806 2,993 1263 311 1574 2993 129 312 1574 1342 149 2 79 A-232 |Reslurrying Tank Agitator 1 0 [FIXED-PROP ss
Sulfuric Acid kg/hr 45 921 679 287 287 679 o 287 244 27 1 14 Cc-202 W ash Solids Screw Conveyor 4 0 |SCREW SS304
Furfural kg/hr 467 466 657 277 728 1,005 657 73 730 1,005 857 95 3 50 1200 Hydrolyzate Cooler T OISHELL.TUBE 3045S.CS
HM F kg/hr 157 157 221 93 245 339 221 25 246 339 289 32 1 17 224 Fermentation Feed Pump > T |ROTARY.LOBE 30455
CarbonDioxide kg/hr o o o o 0 o o ° ° ° ° o P-225 ISEP Elution Pump 1 1[CENTRIFUGAL SS304
M ethane kg/hr P-226 ISEP Reload Pump 1 1|CENTRIFUGAL 55304
Oxygen kg/hr P227 ISEP Hydrolyzate Feed Pump 1 1|CENTRIFUGAL SS304
Nitrogen ko/nr S-202 [Pre-IX BeltFilter Press 8 0 [BELT-FILTER-PRESS SS316
Ammonia kgihr 0 0 7 3 3 7 1139 0 7 3 2 0 0 0 S-221 ISEP 1 0 |CONT-IX SS316:POLYPROPR
NHAOH g/hr 2344 219
Others kg/hr 889 12 634 267 642 909 634 9 643 909 775 86 2 46 1232 Slurrying Tank : OfFLAT BTM STORAGE Ss304
Cellulose (IS) kg/hr 15 32,747 164 32,598 1 32,599 164 164 32,599 27,792 3,088 86 1,634
Xylan (1S) kg/hr 3 794 4 793 o 793 4 4 793 676 75 2 40
Arabinan (IS) kg/hr o 33 o 33 o 33 o o 33 28 3 o 2
Other Sugar Polymers (IS) | kg/hr 1 174 T 174 o 174 T T 174 148 6 o S
Cellulase (IS) g/hr 66 0 65 0 65 0 0 65 56 B 0 3 VER| DESCRIPTION OATE NATIONAL RENEWABLE
Biomass (1) kg/hr 26 0 26 0 26 0 0 26 22 2 0 1
A | SUBCONTRACTOR UPDATE 5/97 NR= ENERGY LABORATORY
Zymo (1S) kg/hr 112 1 111 0 111 1 1 111 95 11 0 6 5 | BASECASE UPDATE 9/98
Lignin (1S) kg/hr 97 23,068 116 23,049 1 23,050 116 116 23,050 19,651 2,183 61 1,155 C |DESIGN REPORT 2/99 B\.Otechﬂo‘ogy ce”ter For FUE‘S Aﬂd Chemico‘s
Sypsum (15) ko/hr ° ° ° 8 8 ° ° 8 i : o o D |FINAL 1999 DESIGN REPORT 6/99 SECTION A200
Ca(0m2z (I1s) kg/hr
Others (Insoluble Solids) kg/hr 8 1,986 10 1,985 o 1,985 10 10 1,985 1,692 188 5 99 DETOX‘F‘CAT‘ON
Enthalpy Flow (millions)  |Kcallhr | -488.6 76853 739.4 4345 7729 12075 746.0 11 2463 2443 EEER) 768.0 3473 12075 10294 1144 52 605 :
Average D ensity g/ml 0.979 1124 0976 1196 0.998 1078 1011 0610 0.945 0.978 0.945 1.010 0914 1078 1078 1078 1078 1078 1L 6/23/99 R9906A .xIs ‘ PFD—P100—A202 D
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233
COMPONENT UNITS 227 228 229 230 233 235 236 237 239 246 Heat Stream No. M M kcall hr W ork Stream No. KW
Total Flow g/ hr 714 217,699 2,433 215571 304 641 214,486 2,499 218,003 213,845 0T209 3838 WC225 025
Insoluble Solids % 100.0% 0.8% 79.9% 0.0% 0.0% 0.0% 0.1% 0.0% 0.9% 0.1% WP209 4739
Soluble Solids % 0.0% 7.4% 1.5% 7.4% 0.0% 0.0% 7.5% 0.0% 7.4% 7.5% WP222 47.16
Temperature C 50 51 51 20 20 40 164 51 40
wP223 8.57
Pressure atm 1.00 1.00 1.00 1.00 3.40 3.40 3.00 4.42 1.00 3.00
wP239 31.69
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00
Ethanol kg/hr 43 0 43 43 43 43 ws222 2429
W ater kg/hr 198,034 447 197,587 195,535 2,499 198,034 195,535 WT209 2137
Glucose (SS) kg/hr 1,806 4 1,802 1,806 1,806 1,806 wT224 85.62
Xylose (SS) kg/hr 9594 22 9572 9,594 9,594 9,594
Arabinose (SS) g/ hr 455 1 454 455 455 455
Other Sugars (SS) kg/hr 2,348 5 2,343 2,348 2,348 2,348
Cellobiose (SS) kg/hr 225 1 225 225 225 225
Glucose Oligomers (SS) g/ hr 618 1 617 618 618 618
Xylose Oligomers (SS) kg/hr 688 2 687 688 688 688
Eq.No. |Equipment Name Req. [Spare [Equipment Type M at Const.
Other Oligomers (SS) kg/hr
A-209 |overliming Tank Agitator 1 o [FIXED-PROP ss
Corn Steep Liquor (SS) g/ hr 285 1 285 285 285 285
NT)2507 (55) P A-224 |Reacidification Tank Agitator 1 o|FixeEp-PROP ss
NH4 Acetate (SS) ko /hr A-235 In-line Acidification M ixer 1 0 |STATIC 304ss
Others (Soluble Solids) aThT 20 > 20 20 20 20 C-225 |Lime Solids Feeder 1 o|ROTARY-VALVE A285C
A cotic Acid g Ihr 312 T 311 312 312 312 P-209 | Overlimed Hydrolyzate Pump 1 1[CENTRIFUGAL 304SS
Sulfuric Acid g/ hr 304 641 641 P-222 | Filtered Hydrolyzate Pump 1 1|CENTRIFUGAL 304SS
Furfural g/ hr 730 2 728 730 730 730 P-223 | Lime Unloading B lower 1 0[CENTRIFUGAL C.s.
HM F kg/hr 246 1 245 246 246 246 P-239 |Reacidified Liquor Pump 1 1|CENTRIFUGAL 55304
Carbon Dioxide kg /hr 0 0 0 0 0 0 S-222 |Hydroclone & Rotary D rum Filter 1 o|ROTARY-DRUM EPOXY LINED
M ethane kg/hr $-227  |LimeDust Vent Baghouse 1 o|FABRIC-FILTER A285C;POLYESTER
Oxygen kg/hr T-209 Overliming Tank 1 0| VERTICAL-VESSEL SS304
Nitrogen kg/hr T-220 |Lime Storage Bin 1 0|LIVE-BTM-BIN cs
A kg/h
fmome o T-224 |Reacidification Tank 1 O|FLAT-BTM-STORAGE [SS304
NH4OH g/ hr
Others kg/hr 643 1 642 643 643 643
Cellulose (IS) kg/hr 164 163 1 164 164 164
Xylan (1S) g/ hr 4 4 0 4 P 2
Arabinan (1S) kg/hr [5) [5) ) ) [5) )
Other Sugar Polymers (IS) |kg/hr 1 1 ) 1 1 1
Cellulase (IS) g/ hr 0 0 0 0 0 0
Biomass (IS) kg/hr [5) [5) ) ) [5) ) VER] DESCRIPTION DATE NATIONAL RENEWABLE
9 A | SUBCONTRACTOR UPDATE 4/98 Na— ENERGY LABORATORY
zymo (1) kgihr : : 0 : : : B | BASECASE UPDATE 9/98 -
Lignin (1S) kg/hr 116 115 1 116 116 116 C |DESIGN REPORT 2/99 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) kg/hr 1,125 1,651 8 0 1,659 0 D |FINAL 1999 DESIGN REPORT 6/99 SECT‘ON AZOO
ca(OH)2 (IS) kg/hr 714 230
Others (Insoluble Solids) | kg/hr 10 10 ) 10 10 10 LIME ADDITION
Enthalpy Flow (millions) Kcallhr -2.3 -779.4 -7.0 -772.9 -0.6 -1.2 -769.2 -7.9 -779.9 -768.0 b
Average D ensity g/ml 2.343 1.008 1.912 0.998 3.102 3.102 1.011 0.002 1.009 1.010 0 6/23/99 Rg%GA-Xls PFD*P/‘ OO*A20?} D
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COM PONENT UNITS 303 303C 304 304C 310 310A 421 Heat Stream No. MM keall hr W ork Stream No. kW
Total Flow kg hr 34,360 34,360 37,997 876 B 583 3,922 QF301 0.12 WP301 14.96
Insoluble Solids % 16.2% 16.2% 13.8% 0.0% 0.0% 0.0% 5.6% QH301 0.79 WP302 1496
Soluble Solids % 6.3% 6.3% 3.8% 0.0% 0.0% 100.0% 1.7% WT301 20.41
Temperature c 59 30 30 30 35 35 28 w1304 1021
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.66 w1305 3402
Vapor Fraction 0.00 0.00 0.00 1.00 1.00 0.00 0.00
Ethanol kg hr 5 5 929 7 0
W ater kg hr 26,238 26,238 29,713 15 3549
Glucose (SS) kg/hr 243 243 60
Xylose (SS) kg hr 1,290 1,290 129
Arabinose (SS) kg hr 61 61 61
O'ther Sugars (SS) kg hr 316 316 316
Cellobiose (SS) kg/hr 30 30 33 3
Glucose Oligomers (SS) | kg/hr 83 83 96 13
Xylose Oligomers (SS) kg/hr 93 93 101 ]
Other Oligomers (SS) kg hr
Corn Steep Liguor (SS) kg/hr 35 35 661 0 583 43 Eq.No. |Equipment Name Req. [Spare [Equipment Type M at Const.
(NH4)2504 (SS) kg/hr A-301 Seed Hold Tank Agitator 1 0 [FIXED-PROP SS304
NH4 A cetate (SS) kg/hr A-304 | 4th Seed Vessel Agitator 2 o[FIXED-PROP Ss
Others (Soluble Solids) kg/hr 3 3 3 o A-305 | 5th Seed Vessel Agitator 2 0|FIXED-PROP Ss
Acetic Acid kg/hr 149 149 198 0 15 F-301 1st SSCF Seed Fermentor 2 0 |VERTICAL-VESSEL SS304
Sulfuric Acid kglhr 27 27 30 ° 2 F-302 |2nd SSCF Seed Fermentor 2 0|VERTICAL-VESSEL SS304
Furfural ko/hr o3 o3 101 0 s F-303  |ard SSCF Seed Fermentor 2 0 |[VERTICAL-VESSEL $5304
HM F kg/hr 32 32 34 0 2

F-304 |4th SSCF Seed Fermentor 2 0|FLAT-BTM -STORAGE  |5S304
Carbon Dioxide kg/hr ) 0 43 838 0

F-305 5th SSCF Seed Fermentor 2 O|FLAT-BTM-STORAGE SS304
M ethane kg hr

H-301 | SSCF Seed Hydrolyzate Cooler 1 0|PLATE-FRAME SS304
Oxygen kg hr ] 15 ]

H-304 4TH Seed Fermentor Coils 1 O|MMERSED-COIL SS
Nitrogen kg/hr ) 0 0
—— Py = S = H-305 |5TH Seed Fermentor Colls 1 0|IMMERSED-COIL SS
NHAOH Ko/ hr P-301 SSCF Seed Transfer Pump 1 1|ROTARY-LOBE SS304
Stere PRI rrS rrS >0 > =5 P-302 |Seed Transfer Pump 2 0|ROTARY-LOBE SS304
T S) PRV Toss S0 770 T-301 |SSCF Seed Hold Tank 1 0|FLAT-BTM -STORAGE  |5S304
Xylan (1S) kg hr 75 75 79 4
Arabinan (IS) kg hr 3 3 3
Other Sugar Polymers (1S) |kg/hr 16 16 16
Cellulase (IS kg hr 6 6 62 56

) kg/h VER| DESCRIPTION DATE NATIONAL RENEWABLE
Biomass (IS 3 2 2 25 22
(s 9 A | SUBCONTRACTOR UPDATE 4/98 hla 1 ENERGY LABORATORY
Zymo (1) kg /hr 11 11 75 3 B | BASECASE UPDATE 9/98 ——
Lignin (1S) kg/hr 2.183 2.183 2.307 123 C | DESIGN REPORT 2/99 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) kg hr 1 1 1 ]
D |FINAL 1999 DESIGN REPORT 6/99 SEC‘HON ABOO

Ca(OH)2 (1S) kg hr
Cthers (insoluble Solids) | ko/hr Tes Tes o9 1 SSCF SEED & PRODUCTION FERM.
Enthalpy Flow (millions)  |Kcallhr | -114.4 1152 7129.9 18 0.0 22 143 i
Average D ensity g/ml 1078 1.102 1.066 0.002 0.001 0.984 1.021 0 6/23/99 R9906A xIs PFD*PW 00—A301 D




P-301

T-512

ASO1 A502
INOCULUM Q02
TO SCRUBBER
WR
WELL WATER TO A1003
H-302 A—300 CWR & CHWR
P—515
P—224 ]
_ oS A502
302
A202 SCRUBBER BOTTOMS
DETOXIFIED HYDROLYSATE
WELL WATER
P 400 CWS & CHWS
\V F—300 A500
A402
T-306
CELLULASE BROTH H-201
o 700 502
A/01
TO PREHYDROLYSIS
o~ 3 TRANS OF P—300 P—306
P06 6 CASCADING CSTRs
311
A/07
AMMONIA
COMPONENT UNITS 302 302A 304 306 308 311 311A 422 502 551 Heat Stream No. M M kcall hr W ork Stream No. kw
Total Flow kg/hr 309,244 309,244 37,997 366,647 16,978 129 959 35,296 380,209 13562 QF300 551 WP300 896.62
Insoluble Solids % 16.2% 16.2% 13.8% 8.6% 0.0% 0.0% 0.0% 5.6% 8.3% 0.0% QH302 6.19 WP306 100.18
Soluble Solids % 6.3% 6.3% 3.8% 3.1% 0.0% 0.0% 100.0% 1.7% 2.9% 0.0% WT300 1789.02
Temperature [} 59 34 30 30 30 35 35 28 30 30 WT306 2.65
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.66 0.90 0.90
Vapor Fraction 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 44 44 929 18,365 263 2 18,701 337
W ater kg/hr 236,141 236,141 29,713 295,010 288 31,940 308,205 13,195
Glucose (SS) kg/hr 2,186 2,186 60 219 219
Xylose (SS) kg/hr 11,611 11,611 129 721 721
Arabinose (SS) kg/hr 551 551 61 569 569
Other Sugars (SS) kg/hr 2,842 2,842 316 2,936 2,936
Cellobiose (SS) kg/hr 273 273 33 383 25 383
Glucose Oligomers (SS) kg/hr 748 748 96 3,021 119 3,021
X ylose Oligomers (SS) kg/hr 833 833 101 1,006 72 1,006
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 316 316 661 2,324 2 959 390 2,327 3
(NH4)2504 (SS) kg/hr
NH4Acetate (SS) kg/hr
Others (Soluble Solids) kg/hr 24 24 3 29 2 29
A cetic Acid kg/hr 1,342 1,342 198 2,543 1 139 2,545 2
Sulfuric A cid kg/hr 244 244 30 295 0 21 295 0 Eg.No Equipment Name Req Spare |Equipment Type M at Const.
Furfural kg/hr 857 857 101 1,003 6 52 1,010 7 A-300 SSCF Fermentor Agitators 34 O |FIXED-PROP SS304
HM F kg/hr 289 289 34 338 2 17 340 2 A-306 Beer Surge Tank Agitator 1 O |FIXED-PROP SS304
Carbon Dioxide kg/hr 0 ) 43 471 16,281 0 487 16 F-300 SSCF Fermentors 17 O|FLAT-BTM -STORAGE SS304
M ethane kg/hr H-300 Fermentation Cooler 17 1|PLATE-FRAME SS304
Oxygen kg/hr 0 0 134 0 0 0 H-302 SSCF Hydrolyzate Cooler 3 O |PLATE-FRAME SS304
Nitrogen kg/hr 0 0 1 1 0 0 P-300 SSCF Recirculation and Transfer Pump 17 1|CENTRIFUGAL SS304
A mmo nia kg/hr 2 2 11 0 129 12 0 P-306 B eer Transfer Pump 1 1|CENTRIFUGAL SS304
NH40H kg/hr T-306 Beer Storage Tank 1 O|FLAT-BTM -STORAGE SS304
Others kg/hr 775 775 252 5,786 o 538 5,787 o
Cellulose (IS) kg/hr 27,792 27,792 2,470 3,631 3,631
Xylan (1S) kg/hr 676 676 79 794 38 794
Arabinan (1S) kg/hr 28 28 3 33 2 33
Other Sugar Polymers (I1S) |kg/hr 148 148 16 164 164
) I = = = = o VER| DESCRPTION DATE - NATIONAL RENEWABLE
Zymo (IS) kg/hr 95 95 75 1,061 24 1,061 g ::SES:ISTERAL?;[?ETEUPDATE ;?22 hla — ENERGY LABORATORY
Lignin (I1S) kg/hr 19,651 19,651 2,307 23,068 1,111 23,068 c DESIGN REPORT 2/99 BiOtEChﬂO‘Ogy Ceﬂter FOF FUE‘S A”d Chem\'cu\s
Gypsum (IS) kg/hr 7 7 1 8 o 8
Caemz (5) ToTnT D |FINAL 1999 DESIGN REPORT 6/99 SEC—HON ABOO
Others (Insoluble Solids) kg/hr 1,692 1,692 199 1,986 96 1,986 SSCF SEED & PRODUCT‘ON FERM.
Enthalpy Flow (millions) Kcal/ hr -1029.4 -1035.6 -129.9 -1267.1 -36.0 -0.1 -3.6 -128.4 -1317.5 -50.4
Average D ensity g/ml 1.078 1.099 1.066 1.035 0.002 0.001 0.984 1.021 0.960 0.983 L 6/23/99 mxb ‘ PFD*PW OO*A?}OZ D




P-630

A

A

A

‘ 435
T
[
[

VENT

TO ATMOSPHERE

430
RECYCLED WATER ‘
|
M—401
432
|
AR |
P-706
434
|
AMMONIA |
P—720 L e
R CHWR
|
F—401-3 - CHWS
CSL _ [
QF401-4 C‘P/CS
MISC. NUTRIENTS ‘
|
WT402-3
F—400
o _ WP401 433
T—
P_9o4 TO CELLULASE
A202 403 5_401 PRODUCTION
DETOXIFICATION
COMPONENT UNITS 403 423 430 432 433 434 435 Heat Stream No. M M kcall/hr W ork Stream No kw
Total Flow g/ hr 957 30 2,147 20,928 2,580 8 21,488 QF401-4 021 WP401 0.75
Insoluble Solids % 16.2% 0.0% 0.2% 0.0% 4.7% 0.0% 0.0% WT402-3 364.67
Soluble Solids % 6.3% 100.0% 11% 0.0% 17% 0.0% 0.0%
Temperature c 59 28 47 40 28 28 28
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 1.00 0.00 1.00 1.00
Ethanol g/ hr 0 0 ] ]
W ater kg/hr 731 2,084 2,382 501
Glucose (SS) g/ hr 7 0
Xylose (SS) g/ hr 36 2
Arabinose (SS) g/ hr 2 1
Other Sugars (SS) g/ hr 9 7
Cellobiose (SS) g/ hr 1 1 2
Glucose Oligomers (SS) g/ hr 2 7 10
Xylose Oligomers (SS) g/ hr 3 2 5
Other Oligomers (SS) g/ hr
Corn Steep Liquor (SS) kg/hr 1 30 3 28 6
(NH4)2504 (SS) g/ hr
NH4A cetate (SS) g/ hr
Sthers (Soluble Sonids) pryr 3 3 S Eq.No. |Equipment Name Req. |Spare |Equipment Type M at Const.
Acetic Acid oThT 2 7 To T F-401 |1st Cellulase Seed Fermentor 3 0|VERTICAL-VESSEL 5304
Sulfuric Acid g/ hr 1 1 1 ] F-402 |2nd Cellulase Seed Fermentor 3 0|VERTICAL-VESSEL 5304
Furfural g/ hr 3 s 3 7 F-403 |3rd Cellulase Seed Fermentor 3 0|VERTICAL-VESSEL 5304
HM F g/ hr 1 3 1 2 P-401 |Cellulase Seed Pump 1 1[ROTARY-LOBE SS316
CarbonDioxide kg/hr 0 0 o 145
M ethane g/ hr
Oxygen g/ hr 4,395 0 4,292
Nitrogen g/ hr 16,533 0 16,533
‘A mmonia g/ hr 0 0 s
NH4OH g/ hr
Others kg/hr 2 14 17 0 o
Cellulose (1S) g/ hr 86 0
Xylan (IS) g/ hr 2 0 2
Arabinan (IS) g/ hr 0 0 ]
Other Sugar Polymers (IS) | kg/hr 0 0
Cellulase (IS) g/ hr 0 1 1
Y] — = = - VER| DESCRIPTION DATE NATIONAL RENEWABLE
= = kg/h = > > A | SUBCONTRACTOR UPDATE 4/98 Na:l ENERGY LABORATORY
ymo () o B | BASECASE_UPDATE 9/98 ——
Lignin (IS) kg/hr 61 2 62 C | DESIGN REPORT 2/99 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) kg/hr ) ) [5)
D |FINAL 1999 DESIGN REPORT 6/99
T2 () I, / SECTION A400
T T prer z 5 s CELLULASE SEED FERMENTATION
Enthalpy Flow (millions) Keall hr 3.2 0.1 8.0 0.1 95 0.0 1.9
Average D ensity g/mi 1078 0991 0.979 0.001 1018 0.001 0.001 L 6/23/99 R9906A.xIs ‘ PFD—P100—A401 D




P—401

A401

FROM SEED

P—706

433

419

VENT TO ATMOSPHERE

436
A/0T o T o o
AMMONIA
|
P—224 _ | 413
410
A202 &3
FROM DETOXIFICATION
|
P—630 g 432 F—401-3
11 —-FAAAAAA{ CIP/CS ALOT
AB601 QF400
| CELLULASE SEED
RECYCLE WATER
P-707 —
- 4’—>
7 CHWR :
A701
T—420 CHWS
ANTIFOAM
H—-400
T F-400
P—720 A—400
414 —
A701 - AR FROM
ATMOSPHERE
csL WT405 P—420 416 F-301-5
421
A301
T—405 420 TO SSCF SEED
[ane a1
NUTRIENTS F300
P—405 Z
AS02
P—-400
TO SSCF
COMPONENT UNITS 410 411 412A 413 414 415 416 417 419 420 421 422 432 433 436 440 441 443 Heat Stream No. M M kcall hr W ork Stream No. KW
Total Flow kg/hr 18,176 22,784 40,960 301,966 406 174 580 227 307,253 39,217 3,922 35,296 20,928 2,580 157 322,894 322,894 322,894 QF400 6.81 WM401 13613.11
Insoluble Solids % 16.2% 0.2% 7.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.6% 5.6% 5.6% 0.0% 4.7% 0.0% 0.0% 0.0% 0.0% QM 401 10.14 W P400 5.64
Soluble Solids % 6.3% 1.1% 3.4% 0.0% 100.0% 0.0% 69.9% 0.0% 0.0% 1.7% 1.7% 1.7% 0.0% 1.7% 0.0% 0.0% 0.0% 0.0% WP405 0.09
Temperature C 59 a7 a8 40 28 28 28 28 28 28 28 28 40 28 28 20 169 40 WP420 0.03
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.66 1.66 1.66 1.66 1.00 1.00 1.00 1.00 3.00 1.00 wT400 3490.56
Vapor Fraction 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00 WT405 255.56
Ethanol kg/hr 3 3 6 4 2 o 2 0
W ater kg /hr 13,880 22,117 35,996 4,263 35,489 3,549 31,940 2,382
Glucose (SS) kg /hr 128 0 128
Xylose (SS) kg /hr 682 19 701
Arabinose (SS) kg /hr 32 15 47
Other Sugars (SS) kg/hr 167 77 244 - -
Eq.No. |Equipment Name Req. | Spare |Equipment Type M at Const.
Cellobiose (SS) kg/hr 16 10 26 28 3 25 2 -
STecese OTgemers (55) P - = =3 3 = e = A-400 [cellulase Fermentor Agitators 11 o [AXIAL-IM PELLER $5304
Xylose Oligomers (55) o ThT 29 26 75 50 s 72 S F-400 Cellulase Fermentors 11 O|VERTICAL-VESSEL SS304L
Sther Oligomers (55) T H-400 Cellulase Fermentation Cooler 11 of[mMERSED-cOIL 55304
Corn Steep Liquor (SS) ko /hr 19 33 52 206 206 52 233 23 390 28 M-401 Fermentor Air Compressor Package 2 1|CENTRIFUGAL Ccs
(NH2)2504 (55) g Ihr P-400 Cellulase Transfer Pump 1 1|CENTRIFUGAL ss
NH4 Acetate (SS) ko /hr P-405 M edia Pump 1 1|CENTRIFUGAL ss
Others (Soluble Solids) kg /hr 1 1 2 2 0 2 0 P-420 Anti-foam Pump 1 1|CENTRIFUGAL cs
Acetic Acid kg /hr 79 78 157 12 155 15 139 10 T-405 M edia-Prep Tank 1 0[VERTICAL-VESSEL 55304
Sulfuric Acid kg /hr 14 8 22 0 24 2 21 1 T-420 Anti-foam Tank 1 0[VERTICAL-VESSEL POLYETHYLENE
Furfural kg /hr 50 81 131 77 58 6 52 3
HM F kg /hr 17 27 44 26 19 2 17 1
Carbon Dioxide kg /hr 0 0 0 2,950 1 0 0 0
M ethane kg /hr
Oxygen kg /hr 63,413 61,298 0 0 0 4,395 0 67,808 67,808 67,808
Nitrogen kg /hr 238,553 238,552 1 0 1 16,533 0 255,086 255,086 255,086
Ammonia kg /hr ) 2 2 145
NH40H kg/hr
Others kg/hr 46 154 199 174 174 227 19 598 60 538 17 12
Cellulose (IS) kg/hr 1634 3 1,636
Xylan (1S) kg /hr 40 1 40 42 4 38 2
Arabinan (IS) kg /hr 2 0 2 2 0 2 0
Other Sugar Polymers (1S) |kg/hr 9 0 9
e I S S
ymo (5 T = = = > S = > A | SUBCONTRACTOR UPDATE 4/98 Na-| ENERGY LABORATORY
B | BASECASE UPDATE 9/98 ——
Lignin (IS) kg/hr 1.155 17 1172 1.234 123 1111 62 C |DESIGN REPORT 2/99 Biotechnology Center For Fuels And Chemicals
Gypsum (15) ka/hr 0 ° ° ° ° ° ° D |FINAL 1999 DESIGN REPORT 6/99 SECTION A400
Ca(0H)2 (IS) kg /hr
Others (Insoluble Solids) |kg/hr 99 1 101 106 11 96 5 CELLULASE PROD FERMENTA—HON
Enthalpy Flow (millions) Kcall hr -60.5 -84.4 -145.1 1.1 -1.5 -0.7 2.2 0.1 -20.0 -142.6 -14.3 -128.4 0.1 -9.5 0.1 -0.4 11.3 1.2 .
Average D ensity g/ml 1.078 0.979 1.026 0.001 0.991 0.991 0.991 0.888 0.002 1.021 1.021 1.021 0.001 1.018 0.001 0.001 0.002 0.001 LL 6/23/39 R9906A .xIs . ‘ PFD*PWOO*A402 D




T-512
AS02

TO SCRUBBER

o D-202
AS02
,,,,,,,,, D501 RECTIFICATION COLUMN
— CWR
fffffffff
H-201 | oA A T
H—-501
A201
FROM PREHYDROLYSIS
CIP
@ -QRD:am
LP STEAM
P—501
] P—-503
E-501
' A
AS04
EVAPORATION
COMPONENT UNITS 501 506 508 510 518 518A 594 595 Heat Stream No M M kcall hr W ork Stream No. oW
Total Flow kg/hr 380,209 380,209 582 49,456 330,171 330,171 54,459 54,459 QCD501 0.89 WP501 260.94
Insoluble Solids % 8.3% 8.3% 0.0% 0.0% 5.6% 5.6% 0.0% 0.0% QH512 183 WP503 051
Soluble Solids % 2.9% 2.9% 0.0% 0.5% 3.3% 3.3% 0.0% 0.0% QRD501 28.06
Temperature [} 95 100 60 114 122 117 164 148
Pressure atm 4.00 476 186 193 2.10 2.10 442 442
Vapor Fraction 0.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00
Ethanol kg/hr 18,701 18,701 71 18,481 149 149
W ater g/ hr 308,205 308,205 23 29,891 278,290 278,290 54,459 54,459
Glucose (SS) g/ hr 219 219 0 0 219 219
Xylose (SS) kg/hr 721 721 ) [5) 721 721
Arabinose (SS) g/ hr 569 569 0 0 569 569
Other Sugars (SS) g/ hr 2,936 2,936 0 0 2,936 2,936
Cellobiose (SS) kg/hr 383 383 ) [5) 383 383
Glucose Oligomers (SS) g/ hr 3,021 3,021 0 0 3,021 3,021
Xylose Oligomers (SS) g/ hr 1,006 1,006 0 0 1,006 1,006
Other Oligomers (SS) kg hr
Corn Steep Liquor (SS) g/ hr 2327 2327 0 227 2,100 2,100
(NH4)2504 (SS) g/ hr
NH4Acetate (SS) kg/hr
Others (Soluble Solids) g/ hr 29 29 0 0 29 29
Acetic Acid g/ hr 2,545 2,545 0 123 2422 2422
Sulfuric A cid kg/hr 295 295 0 o 295 295
Furforal T To10 1010 3 527 Ty T Eq.No. |Equipment Name Req. | Spare |Equipment Type M at Const.
YR PP 340 340 ) 177 164 To4 D-501 |Beer Column 1 o|DISTILLATION $5304
Carbon Dioxide kg hr 287 287 287 ] 0 ] H-501 | Beer Column Reboiler 1 0 |SHELL-TUBE S5304,CS
M ethane g/ hr H-504 |Beer Column Condenser 1 o[sHELL-TUBE SS304.CS
Oxygen kg/hr 0 0 0 0 H-512 |Beer Column Feed Interchange 1 1|PLATE-FRAME ss
Nitrogen kg/hr 0 0 o 0 o P-501 |Beer Column Bottoms Pump 1 1|CENTRIFUGAL ss
Ammonia kg/hr 12 12 o 11 o 0 P-503 B eer Column R eflux Pump 1 1[CENTRIFUGAL SS
NH4OH kg/hr T-503 Beer Column Relfux Drum 1 O|HORIZONTAL-VESSEL SsS304
Others kg/hr 5,787 5,787 0 21 5,766 5,766
Cellulose (1S) kg/hr 3,631 3,631 3,631 3,631
Xylan (1S) g/ hr 794 794 794 794
Arabinan (1S) kg/hr 33 33 33 33
Other Sugar Polymers (1S) |kg/hr 164 164 164 164
g::'::(‘l': ‘:z::: zj;‘ zj;‘ jj;‘ zj;‘ VER| DESCRIPTION DATE - NATIONAL RENEWABLE
Zymo (IS) kg/hr 1,061 1,061 1,061 1,061 A_| SUBCONTRACTOR UPDATE 4/98 hla ENERGY LABORATORY
B | BASECASE UPDATE 9/98
Lignin (IS) kg/hr 23,068 23,068 23,068 23,068 C | DESIGN REPORT 2/99 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) ko/hr i i i i D [FINAL 1999 DESIGN REPORT 6/99 SECTION A500
ca(OH)2 (IS) kg/hr
O'thers (Insoluble Solids) | kg/hr 1,986 1,986 1,986 1,986 BEER DISTILLATION
Enthalpy Flow (millions) Kcal/hr -1295.5 -1293.6 -1.2 -117.8 -1147.5 -1149.3 -171.2 -199.3 *
Average Density g/ml 0971 0.966 0.003 0.001 0.965 0.970 0.002 0.865 LL 6/23/99 RQ%A'XIS ‘ PFDip/‘ 007A5O/‘ D
- _




E-501

AS04
FROM EVAPORATOR

M—503
AS03
FROM DEHYDRATION

D—-501
ASO1T
FROM BEER COLUMN

510

F-301-5

|

o11

M—503
AS0S

!

A

D—-502

@

A301

@
'
:

SEED FERMENTER OFFGAS

H—-502

@

LP STEA

J—

T-505

P—-505

CWS

CWR
H—505

P-912

A902

WELL WATER

550

!

//|\\; N ;//|\\ N ;//|\\

TO ETHANOL DEHYDRATION
E-501

AS04

TO EVAPORATOR

VENT TO ATMOSPHERE

T-306

AS02

F-300 V
&> > TO BEER WELL
A302 — 551
PRODUCTION FERMENTER OFFGAS
H-504
.® (Cwesis )
AS01 - WV
BEER STILL OFFGAS
P-515
— A0 1
P-504
TO WASTE WATER TREATMENT
COMPONENT UNITS 304C 308 508 510 511 516 521 523 524 550 551 592 593 Heat Stream No. MM kcall hr W ork Stream No. kw
[Total Flow kg/hr 876 16,978 582 49,456 24,982 30,898 6,425 18,437 13,042 17,916 13,562 6,814 6,814 QCD502 17.44 WP504 7.62
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% QRD502 -351 WP505 12.77
Soluble Solids % 0.0% 0.0% 0.0% 0.5% 0.0% 0.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% WP515 2.21
Temp erature c 30 30 60 114 92 121 70 31 13 18 30 164 148
Pressure atm 1.00 1.00 1.86 1.93 1.70 2.06 1.53 1.00 1.00 0.90 0.90 4.42 4.42
Vapor Fraction 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00
Ethanol kg/hr 7 263 71 18,481 23,108 15 4,643 341 5 337
W ater kg/hr 15 288 23 29,891 1874 29,800 1,782 326 13,042 173 13,195 6,814 6,814
Glucose (SS) kg/hr 0 0 0 0
Xylose (SS) kg/hr 0 0 0 0
[Arabinose (SS) kg/hr 0 0 0 0
Other Sugars (SS) kg/hr 0 0 0 0
Cellobiose (SS) kg/hr 0 0 0 0
Glucose Oligomers (SS) kg/hr 0 0 0 0
X ylose Oligomers (SS) kg/hr 0 0 0 0
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 0 2 0 227 227 3 0 3
(NH4)2504 (SS) kg/hr
NH4 Acetate (SS) kg/hr
Others (Soluble Solids) kg/hr 0 0 0 0
A cetic Acid kg/hr 0 1 0 123 123 2 0 2
Sulfuric Acid kg/hr 0 0 0 0 0 0 0 0
Furfural kg/hr 0 6 0 524 524 7 0 7
HM F kg/hr 0 2 0 177 177 2 0 2
Carbon Dioxide kg/hr 838 16,281 487 ) ) 17,605 17,589 16 Eq.No. |Equipment Name Req. |Spare |Equipment Type M at Const.
M ethane kg /hr D-502 [Rectification Column 1 0|DISTILLATION ss
Oxygen kg /hr 15 134 ) 149 140 ) H-502 Rectification Column Reboiler 1 0[SHELL-TUBE $5304,CS
Nitrogen kg /hr ) 1 ) ) 1 1 ) H-505 Rectification Column Condenser 1 0[SHELL-TUBE $5304,CS
A mmonia kg /hr ) ) 11 11 ) ) ) P-504 Rectification Column B ottoms Pump 1 1|CENTRIFUGAL ss
NHaO0H kg /hr P-505 Rectification Column R eflux Pump 1 1|CENTRIFUGAL ss
Others kg /hr ) ) ) 21 21 ) ) ) P-515 Scrubber Bottoms Pump 1 0|CENTRIFUGAL ss
Cellulose (1S) kg /hr T-505 Rectification Column R eflux D rum 1 0|HORIZONTAL-VESSEL 55304
Xylan (1S) kg /hr T-512 Vent Scrubber 1 o|ABSORBER SS304;PLASTIC
Arabinan (1S) kg/hr
Other Sugar Polymers (IS) [kg/hr
Cellulase (IS) kg/hr
Biomass (15) PRy VER| DESCRIPTION DATE NATIONAL RENEWABLE
TN T A [ SUBCONTRACTOR UPDATE 4/98 NQEL ENERGY LABORATORY
oS T B | BASECASE UPDATE 9/98 Botechmatony Conter For Fuels And Chemical
¢ |DESIGN REPORT 2/99 iotechnology Center For Fuels An emicals
::s;:l“(:) :zg”" D |FINAL 1999 DESIGN REPORT 6/99 SECTION A500
g/hr
B hors (neotibe ot o RECTIFICATION DISTILLATION
Enthalpy Flow (millions) Kcall hr -1.8 -36.0 1.2 -117.8 -33.5 -111.4 -13.2 -39.1 -49.5 -38.1 -50.4 -21.4 -24.9 g
Average D ensity g/ml 0.002 0.002 0.003 0.001 0.002 0.900 0.794 0.002 1.005 0.002 0.983 0.002 0.865 L 6/24/99 R9906A.xIs ‘ PFD*PW OO*AS}OQ ‘ D




D-502

AS02

o1

RECTIFICATION
COLUMN VAPOR
OVERHEAD

CwWsS

-

VENT TO
ATMOSPHERE

522
D-502
&>
AS02
TO RECTIFICATION o~
CWS
CWR M—-503
T-701
915
i z A701
TO ETHANOL STORAGE
- - - - - _
COMPONENT UNITS 511 511C 515 515A 517 519 521 522 596 597 Heat Stream No. MM kcall hr W ork Stream No kw
Total Flow kg/hr 24,982 24,982 18,557 6,425 6,425 18,557 6,425 6,425 467 467 QH503 222 W M503 128.99
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% QH506 -0.24
Soluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% QH507 0.18
Temperature c 92 116 38 116 35 92 70 70 164 148 QH509 4.41
Pressure atm 1.70 1.70 1.00 1.70 0.14 1.44 1.53 153 4.42 4.42
Vapor Fraction 1.00 1.00 0.00 1.00 0.00 1.00 0.00 0.00 1.00 0.00
Ethanol kg/hr 23,108 23,108 18,466 4,643 4,643 18,466 4,643 4,643
W ater kg/hr 1,874 1.874 92 1,782 1,782 92 1,782 1,782 467 467
Glucose (SS) kg/hr
Xylose (SS) kg/hr
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr
(NH4)2504 (SS) kg/hr
NH4 Acetate (SS) kg/hr
Others (Soluble Solids) kg/hr
A cetic A cid kg/hr
Sulfuric A cid kg/hr
Furfural kg/hr
HM F kg/hr
Carbon Dioxide kg/hr
M ethane kg/hr
Oxygen kg/hr Eq.No. |Equipment Name Req. | Spare |Equipment Type M at Const.
Nitrogen kg/hr
o ToThr M -503 M olecular Sieve (9 pieces) 1 0 |PACKAGE SS
NH4OH kg/hr
Others kg/hr
Cellulose (IS) kg/hr
Xylan (1S) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (1S) |kg/hr
Cellulase (IS) kg/hr
Somass (15) PRYT: VER| DESCRIPTION DATE NATIONAL RENEWABLE
Zymo (5) ToTnT A | SUBCONTRACTOR UPDATE 4/98 hIQEL ENERGY LABORATORY
Lignin (1S) kg/hr E Eézic:s;gg;)?ﬁ 2/22 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) kg/hr
TN T D |FINAL 1999 DESIGN REPORT 6/99 SEC‘HON ASOO
Shers (nsomnie Soias) [ioTm ETHANOL DEHYDRATION
Enthalpy Flow (millions) Kcall hr -33.5 -33.3 -26.7 -11.1 -13.4 -22.3 -13.2 -13.2 -1.5 -1.7
Average D ensity g/ml 0.002 0.002 0775 0.002 0.831 0.002 0.794 0.794 0.002 0.865 L 6/24/99 R9906A.xIs ] PFD*PW OO*A5OS D




H-512

ASOT

FROM BEER STILL BOTTOMS

E-501

P—630
AB0O1

FROM S/L SEP

528
S—600
D—502 2%
ABO?
AS02 TO ANAEROBIC DIGESTION
FROM RECTIFICATION COLUMN
M—811 _
AN A A-201
AB02 —— A20
VERY LOW PRESSURE STEAM CIP H-517
CWR ACID DILUTION
(aesore
@ S—-221
T-505 C C %4
C A202
AS5027 ! Jﬁ V
—————————————— \/ - —
TO RECTIFICATION COLUMN WS = o REGENERANT DILUTION
\%
S—221
T-804 A o~
A803 A202
IX WASH WATER
TO CONDENSATE RETURN
M—-803
531
B B ( wps13 A802
TO BURNER
p_512 530 P-513
WPsT1 527 S—601
525
ABQO1
S ) P-511
TO LIGNIN SEPARATION
COMPONENT UNITS 211 243 245 518A 525 526 527 528 529 530 531 532 533 534A 535 610 Stream No. MM kcall hr Stream No. KW
Total Flow kg/hr 47,637 65,828 29,862 330,171 269,333 60,838 60,838 75,972 52,320 52,320 24371 51,601 51,601 164,760 16,476 128,292 QE501B 22.03 WP511 173.06
Insoluble Solids % 0.0% 0.0% 0.0% 9.6% 11.7% 0.0% 0.0% 1.5% 0.0% 0.0% 4.8% 0.0% 0.0% 0.0% 0.0% 0.9% QES502B 3229 WP512 35.69
Soluble Solids % 0.3% 0.0% 0.3% 3.3% 3.9% 0.7% 0.7% 6.1% 0.0% 0.0% 19.1% 0.0% 0.0% 0.3% 0.3% 3.6% QE503B 28.39 WP513 14 .36
Temperature [ 74 73 74 117 86 86 86 70 70 70 63 63 63 74 74 40 QH517 28.70 WP514 27.93
Pressure atm 3.00 3.00 3.00 2.10 0.58 0.58 0.60 0.30 0.30 0.31 0.21 0.21 0.23 2.00 2.00 3.20
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 38 24 149 36 114 114 2 17 17 0] 2 2 133 13 19
W ater kg/hr 47,092 65,828 29,520 278,290 218,600 59,690 59,690 65,773 52,037 52,037 14,626 51,147 51,147 162,874 16,287 117,809
Glucose (SS) kg/hr 219 219
Xylose (SS) kg/hr o 0 721 721 o 0 388 0 ("] 388 ("] 0 0 o 388
Arabinose (SS) kg/hr o 0 569 569 o 0 307 307 o o 0 o 307
Other Sugars (SS) kg /hr 2,936 2,936 1,583 1,583 1,583
Cellobiose (SS) kg /hr 383 383 207 207 207
Glucose Oligomers (SS) kg /hr 3,021 3,021 1,628 1,628 1,628
Xylose Oligomers (SS) kg /hr ) o 1,006 1,006 ) o 542 o ) 542 ) [ [ ) 542
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 130 82 2,100 1,649 450 450 450 45
(NH4)2504 (SS) kg/hr
NH4Acetate (SS) kg/hr
Others (Soluble Solids) kg/hr 29 29 11 11 11
A cetic A cid kg/hr 205 129 2,422 2,295 127 127 1,077 159 159 653 424 424 711 71 1,237
Sulfuric A cid kg/hr ] 0 295 295 ] 0 159 0 (o] 159 o o o (o] 159
Furfural kg /hr 117 73 485 173 312 312 16 78 78 1 14 14 404 40 93 Eq.No. |Equipment Name Req. [Spare |Equipment Type M at Const.
HM F kg/hr 39 25 164 58 105 105 5 26 26 o 5 5 136 14 31 E-501 1st Effect Evaporation 2 O |SHELL-TUBE SS316
CarbonDioxide kg/hr o E-502 2nd Effect Evaporation 1 O | SHELL-TUBE SS316
M ethane kg/hr E-503 3rd Effect Evaporation 2 O | SHELL-TUBE SS316
Oxygen kg/hr H-517 Evaporator Condenser 1 1 |SHELL-TUBE Ss304.CS
Nitrogen kg/hr o P-511 1st Effect Pump 2 1|CENTRIFUGAL Ss
A mmo nia kg/hr o o] o o] o o] o o] o o] o 0] o] 0 o P-512 2nd Effect Pump 1 1|CENTRIFUGAL Ss
NH40H kg/hr P-513 3rd Effect Pump 2 1|CENTRIFUGAL Ss
Others kg/hr 15 9 5,766 5,726 40 40 3,105 3 3 3,096 9 9 52 5 3,108 P-514 Evaporator Condensate Pump 1 1|CENTRIFUGAL $S304
Cellulose (IS) kg /hr 3,631 3,631 54 54 54
Xylan (1S) kg /hr 794 794 12 12 12
Arabinan (IS) kg /hr 33 33 ) [ [
Other Sugar Polymers (1S) |kg/hr 164 164 2 2 2
Cellulase (IS) kg /hr 624 624 234 234 234
Biomass (IS) kg/hr 245 245 92 92 92 VER] DESCRIPTION EA;EB - NA—HONAL RENEWABLE
Zymo (IS) kg/hr 1,061 1,061 398 398 398 A_| SUBCONTRACTOR UPDATE / Na:l_ ENERGY LABORATORY
Lignin (1S) kg/hr 23,068 23,068 346 346 346 B | BASECASE UPDATE 9/98 B t h ‘ C t F F ‘ A d Ch B ‘
P eI - = - - - ¢ |DESIGN REPORT 2/99 iotechnology Center For Fuels An emicals
Caomz (5) pry D |FINAL 1999 DESIGN REPORT 6/99 SEC—HON ASOO
Others (Insoluble Solids) | kg/hr 1986 1986 30 30 30 E\/APORATOR
Enthalpy Flow (millions) Kcall hr -177.2 -246.3 -111.1 -1149.3 -935.3 -192.0 -224 9 -264.0 -166.2 -195.2 -71.7 -163.9 -192.6 -612.8 -61.3 -462.5 v
Average D ensity g/ml 0.945 0.945 0.945 0.970 1.021 0.000 0.934 0.992 0.000 0.949 1.094 0.000 0.955 0.945 0.945 1.000 L 6/24799 R9906A .xIs ‘ PFD*PW OO*ABOZ’» D




P-914

A902

604

PROCESS WATER

P-504

AS02

516

RECTIFICATION

BOTTOMS

S-202

" 606

219
A202
TO DETOXIFICATION
F—400
411

A402

TO CELLULASE PRODUCTION

F-401-3

430
603 A401
TO CELLULASE SEED
P-511
602
AS04 -—
1ST EVAPORATOR E-502
EFFECT 610
A504
KWP630>
2=A
RS
S—601
M—-801
601
AB01
TO DRYER
COMPONENT UNITS 219 411 430 516 525 601 602 603 604 606 610 Heat Stream No. MM kcall hr W ork Stream No kw
Total Flow kg /hr 131,896 22,784 2,147 30,898 269,333 98,277 171,056 42,764 83,163 156,827 128,292 WC601 62.80
Insoluble Solids % 0.2% 0.2% 0.2% 0.0% 11.7% 30.6% 0.9% 0.9% 0.0% 0.2% 0.9% W P630 39.16
Soluble Solids % 1.1% 1.1% 1.1% 0.7% 3.9% 4.4% 3.6% 3.6% 0.0% 1.1% 3.6% WS601 958.86
Temperature (o} a7 a7 47 121 86 40 40 40 20 a7 40 WT630 4.50
Pressure atm 1.00 1.00 1.00 2.06 0.58 3.20 3.20 3.20 1.00 1.00 3.20
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ethanol kg/hr 18 3 o 15 36 10 26 6 22 19
W ater kg/hr 128,033 22,117 2,084 29,800 218,600 61,520 157,079 39,270 83,163 152,234 117,809
Glucose (SS) kg /hr ] ] ] 0 219 219 ]
Xylose (SS) kg/hr 109 19 2 ) 721 203 518 129 129 388
Arabinose (SS) kg /hr 86 15 1 ) 569 160 409 102 102 307 Eq.No. |Equipment Name Req. [spare [Equipment Type M at Const
Other Sugars (SS) kg/hr 444 77 7 ) 2,936 826 2,110 528 528 1,583 A-630 Recycled W ater Tank Agitator 1 O|FIXED-PROP Ccs
Cellobiose (SS) kg /hr 58 10 1 ) 383 108 275 69 69 207 C-601 Lignin W et C ake Screw 1 0 |SCREW Cs
Glucose Oligomers (SS) kg/hr 456 79 7 0 3,021 850 2,171 543 543 1628 P-630 Recycled W ater Pump 1 1|CENTRIFUGAL cs
Xylose Oligomers (SS) ka/hr 152 26 2 0 1.006 283 723 181 181 542 S-601 Beer Column Bottoms Centrifuge 3 0|CENTRIFUGE 316SS
Other Oligomers (SS) ka/hr T-630 Recycled W ater Tank 1 0|FLAT-BTM-STORAGE cs
Corn Steep Liquor (SS) | kg/hr 191 33 3 227 1,649 1,649 227
(NH4)2504 (SS) kg/hr
NH4Acetate (SS) kg /hr
Others (Soluble Solids)  [kg/hr 3 1 ) ) 29 14 14 4 4 11
Acetic Acid kg /hr 450 78 7 123 2,295 646 1,649 412 535 1,237
Sulfuric A cid kg/hr 45 8 1 0 295 83 212 53 53 159
Furfural kg/hr 467 81 8 524 173 49 125 31 556 93
HM F kg/hr 157 27 3 177 58 16 42 10 187 31
CarbonDioxide kg/hr o o o 0 o
M ethane kg /hr
Oxygen kg /hr
Nitrogen kg/hr
Ammo nia kg /hr 10 2 ) 11 ) ) ) ) 11 )
NH4OH kg /hr
Others kg/hr 889 154 14 21 5,726 1,582 4,144 1,036 1,057 3,108
Cellulose (IS) kg/hr 15 3 o 3,631 3,559 73 18 18 54
Xylan (1S) kg /hr 3 1 0 794 778 16 a a 12
Arabinan (IS) kg /hr 4] 4] 4] 33 32 1 ) 4] 4]
Other Sugar Polymers (1S) [ kg/hr 1 ] ] 164 161 3 1 1 2
Cellulase (1S) kg/hr 66 11 1 624 312 312 78 78 234 VER| DESCRIPTION DATE NATIONAL RENEWABLE
Biomass (IS) kg /hr 26 4 ) 245 123 123 31 31 92 2 | SUBCONTRACTOR UPDATE /98 NQ- ENERGY LABORATORY
Zymo (IS) kg /hr 112 19 2 1,061 531 531 133 133 398 B [BASECASE UPDATE 9/98 -
Lignin (1S) kg/hr 97 17 2 23,068 22,607 461 115 115 346 C [WwT UPDATE ‘H/SB Biotechﬂo\ogy Ceﬂte( For FUS‘S And Chem"co‘s
Gypsum (IS) kg/hr 4] 4] 4] 8 8 ) ) 4] 4] D |DESIGN REPORT 2/99 SEC—HON A6OO
Caom?2 (9) kg/hr E |FINAL 1999 DESIGN REPORT 6/99
Sthers (mesimeseTas e 5 T 5 = = = T LIGNIN SEPARATION & RECYCLE
Enthalpy Flow (millions) |Kcallhr -488.6 -84.4 -8.0 -111.4 -935.3 -328.5 -616.7 -154.2 -315.4 -581.0 -462.5 |
Averag e D ensity g/ml 0.979 0.979 0.979 0.900 1.021 1.158 1.000 1.000 0.998 0.979 1.000 L 6/24/99 R9906A.xIs ‘ PFD—-P100—-AB01 E




M—803

P-514 2 A802
535
AS04 -
TO BOILER
EVAPORATOR CONDENSATE EMERGENCY FLARE
M=902 M—606
A901 TO ATMOSPHERE
COOLING TOWER BLOWDOWN
T-608
S—221 A 0 618
A202 | 4& WP606
- — — — TO AEROBIC
IX WASTEWATER [ B 0 P—-606
S—600 | | \ ] DIGESTION
H-201 —
220 \ \ WT606
A20" _— WS600
| 612 \ | A—606
PRETREATMENT FLASH ‘ ‘
“ A—602
%7 | 630> |
P-828 1
AR02 821 WT602 CWR | | T—-606
=
T-602 QHB602 ‘ ‘
BOILER BLOWDOWN ‘ |
M—=910 WP602 | = |
AS03 — P—602 | |
WS H-B02 | |
CIP/CS ‘ ‘
M=103
‘ ‘ WMB04
AT01 - ‘ ‘
M—-604
HOPPER TO LANDFILL
COM PONENT UNITS 247 520 535 612 613 615 618 630 521 944 Heat Stream No. M M _kcall hr W ork Stream No oW
Total Flow kg/hr 92,641 45,134 16,476 179,346 179,346 0 176,044 230 7275 17,820 QH602 758 WM 604 764
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% WP602 2315
Soluble Solids % 2.9% 0.1% 0.3% 2.6% 2.6% 0.0% 0.2% 0.0% 0.0% 0.0% WP606 2117
Temperature c 20 100 74 79 35 35 20 300 28 W S600 0.77
Pressure atm 3.00 1.00 2.00 2.00 2.00 1.00 1.00 96.26 1.00 WT602 25.56
Vapor Fraction 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 W T606 123.43
Ethanol g/hr 29 13 22 42 3
W ater kg/hr 87,693 43,822 16,287 173,098 173,098 175675 7275 17,820
Glucose (5S) kg/hr
Xylose (55) kg/hr 0 0 0 0 0
Arabinose (SS) g/hr 0 0 0 0
Other Sugars (SS) g/hr
Cellobiose (5S) g/hr
Glucose Oligomers (55) | ka/hr
Xylose Oligomers (SS) ig/hr 0 0 0 0
Other Oligomers (SS) ig/hr
Corn Steep Liquor (SS) ig/hr 31 45 76 76 76
(NH4)2504 (SS) kg/hr 915 915 915
NRAcotats (55) T Thr Too6 3500 Too6 553 Eq.No. |Equipment Name Req. |Spare |Equipment Type M at Const.
Sthers (Soluble Sohids) pryT A-602 | Equalization Basin Agitator 1 0 [FIXED-PROP SS
A cetic Acid oThT 265 71 336 336 24 A-606 | Anaerobic Agitator p) 0 [FIXED-PROP SS
Sulfuric A cid ig/hr 0 0 0 0 H-602 |Anaerobic Digestor Feed Cooler 1 0 [SHELL-TUBE SS316:CS
Furfural ig/hr 736 20 777 777 54 M-604 |Nutrient Feed System 1 0[PACKAGE cs
M F ikg/hr 248 14 262 262 18 M-606 |Biogas Emergency Flare 1 0 [MISCELLANEOUS SS
Carbon Dioxide kg/hr 46 P-602 |Anaerobic Reactor Feed Pump 1 1|CENTRIFUGAL cs
M ethane kg/hr 2 P-606 Aerobic Digestor Feed Pump 1 1|CENTRIFUGAL cs
Oxygen kg/hr S-600 |Bar Screen 1 0 |SCREEN Cs
Nitrogen kg/hr T-602 Equalization B asin 1 0[FLAT-BTM-STORAGE CONCRETE
Ammonia kgihr 7 0 0 7 7 7 T-606 |Anaerobic Digestor 4 O |FLAT-BTM -STORAGE  |EPOXY-LINED
NHAOH kg/hr 219 219 219 189
Others \kg/hr 3 B B s 229 230
Cellulose (1S) ikg/hr
Xylan (IS) kg/hr
Arabinan (IS) ikg/hr
Other Sugar Polymers (1S) |ka/hr
Cellulase (1S) kg/h
Bi}m“::“s) kz/h: — VER| DESCRIPTION DATE NATIONAL RENEWABLE
A | SUBCONTRACTOR UPDATE 4/98 MNR=! ENERGY LABORATORY
2 o B | BASECASE UPDATE 9/98 TS = _
ignin (1S) g/hr C | WwWT UPDATE 11/98 Biotechnology Center For Fuels And Chemicals
Gypsum (I1S) \kg/hr
D |DESIGN REPORT 2/99
c2002 (9 o E |FINAL 1999 DESIGN REPORT 5/99 SECTION ABO0O
Others (Insoluble Solids) | ka/hr ANAEROBIC DIGESTION
Enthalpy Flow (millions) | Kcallhr | -347.3 1622 613 76635 6711 76664 0.9 253 674 ;
Average D ensity 9/ml 0914 0.009 0.945 0.910 0.950 0,982 0.998 0693 0.991 L 6/24/99 R9906A .xIs ‘ PFD—P100—A602 E




UTILITY WASTE STREAMS

626

VAPOR

620

AIR

P—-606

ABO2

FROM ANAEROBIC DIGESTION

TO ATMOSPHERE

WT610

824

=914

!

631

S—-614

WS614

A902

TO PROCESS WATER

M—-803

INLET

‘ WM612 ‘
= wee14 623
Wss | | A802
T-610 2751 ‘ ‘
\ = \
v W
WPe610 \ | ~7
L=\
WP614
P—610 M-612 2=A
627
COMPONENT UNITS 618 620 621 623 624 625 626 627 631 Heat Stream No M M kcall hr W ork Stream No. kw
Total Flow kg/hr 176,944 156,028 178,667 918 173,154 5,513 153,155 4,596 1 WC614 525
Insoluble Solids % 0.1% 0.0% 0.2% 29.9% 0.0% 5.0% 0.0% 0.0% 0.0% WM612 3.83
Soluble Solids % 0.2% 0.0% 0.1% 0.0% 0.1% 0.1% 0.0% 0.1% 0.0% W P608 1.24
Temperature C 35 21 21 21 21 21 20 21 20 WP610 0.73
Pressure atm 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 WP611 40.92
Vapor Fraction 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 WP614 1.05
Ethanol kg/hr 3 0 o] 0 o] 0 o] WP616 39.68
W ater kg/hr 175,675 2,430 177,981 641 172,755 5,226 4,584 W S614 21.31
Glucose (SS) kg/hr WT608 619.00
Xylose (SS) kg/hr o] WT610 382
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 76 1 77 5] 75 2 2
(NH4)2S04 (SS) kg/hr
NH4Acetate (SS) kg/hr 252 25 0 25 1 1
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr 24 o 2 o 2 o o Eq.No. Equipment Name Req. |Spare |Equipment Type M at Const.
Sulfuric Acid kg/hr A-608 Aerobic Lagoon Agitators 16 O|SURFACE-AERATOR cs
Furf 1 kg/h 54 1 5 o 4 o o
urfural a/hr Cc-614 Aerobic Sludge Screw 1 0O |SCREW cs
HM F kg/h 18 0 2 0 1 0 o]
9/hr M-612 Filter Precoat System 1 O|MISCELLANEOUS cs
Carbon Dioxide kg/hr 46 341 o o o o o
9 P-608 Aerobic Sludge Recycle Pump 1 O |SLURRY SS316
M ethane kg/hr 2 2 o] 0 o] 0 o]
9 P-610 Aerobic Sludge Pump 1 O |SLURRY SS316
Oxygen kg/hr 31,898 1 0 1 0 32,162 o]
Y9 9 P-611 Aerobic Digestion Outlet Pump 1 1|CENTRIFUGAL cs
Nitrogen kg/hr 121,017 3 o 3 o 120,992 o
P-614 Sludge Filtrate R ecycle Pump 1 1|CENTRIFUGAL cs
Ammonia kg/hr 7 1 6 0 5 0 o]
P-616 Treated W ater Pump 1 1|CENTRIFUGAL cs
NH40H kg/hr 189 157 33 o 32 1 1
S-614 Belt Filter Press 1 O|FILTER-PRESS 304SS;BUNA N
Others kg/hr 429 179 257 1 250 8 7 1
T-608 Aerobic Digestor 1 O |LINED-PIT POLY MER LINED
Cellulose (IS) kg/hr
T-610 C larifier 1 O |CLARIFIER CONCRETE
Xylan (1S) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) |kg/hr
Cellulase (IS) kg/hr
VER| DESCRIPTION DATE NATIONAL RENEWABLE
Biomass (IS) kg/hr 169 275 275 275 A | SUBCONTRACTOR UPDATE 4/95 Na ENERGY LABORATORY
Zymo (IS) kg/hr B | BASECASE UPDATE 9/98
Lignin (IS) kg /hr C | WWT UPDATE 11/98 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) kg/hr D | DESIGN REPORT 2/99 SECTION AB600
ca(omz (Is) kg/hr E | FINAL 1999 DESIGN REPORT 6/99
Sthers (msoluble Setids) | wo/nr AEROBIC DIGESTION
Enthalpy Flow (millions) Kcallhr -666.4 -8.8 -676.4 -2.7 -656.2 -20.1 -0.2 -17.4 0.0 "
Average D ensity g/ml 0.982 0.001 0.998 1.148 0.997 1.022 0.001 0.997 0.998 LL 6/24/99 R9906A .xIs . PFD-P100—-AB03




M-503
AS0S
DEHYDRATED

ETHANOL Y

T-701

PURCHASED GASOLINE v

=710

P—7/01

J03

A-701

PURCHASED DIESEL |

J01

PURCHASED
SULFURIC ACID

DENATURED

T-703
ETHANOL PRODUCT

PURCHASED
ANTIFOAM

T-201

WATER

T-704

A201
TO PREHYDROLYSIS

PURCHASED AMMONIA

TO FIRE SUPPRESSION
SYSTEM
A—202

A202
@ TO ION EXCHANGE

42

1-707

PURCHASED CSL

=720

F-301-5

F-401-3
A401

434

AS0T

TO SSCF SEED

P—720

T-420
A402
TO CELLULASE PRODUCTION

F-401-3
A401
TO CELLULASE SEED

423

T-405
A402

TO CELLULASE
PRODUCTION

F-301-5
AS01
TO SSCF

4‘9

723 T-706
T-708 i é £ 2 311 TO CELLULASE SEED
COMPONENT UNITS 242 310 310A 311 311A 414 417 423 434 436 515 701 703 710 713 717 723 735 Heat Stream ™ mkcall hr W ork Stream No KW
Total Flow kg/hr 1,128 8 584 129 960 406 227 30 8 157 18,565 888 19,452 1,868 6.828 1,408 443 1979 WP701 3.94
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% WP703 0.13
Soluble Solids % 0.0% 0.0% 100.0% 0.0% 100.0% 100.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% WP704 0.00
Temperature c 20 35 35 35 35 28 28 28 28 28 38 20 37 20 20 20 20 20 WP706 0.08
Pressure atm 17.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 17.00 1.00 1.00 WP707 0.03
Vapor Fraction 0.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 WP708 011
Ethanol kg/hr 18,473 18,473 WP710 037
W ater kg/hr 52 52 6,828 WP720 043
Glucose (SS) kg hr
Xylose (SS) kg hr
Arabinose (SS) kg hr
Other Sugars (SS) kg hr
Cellobiose (SS) kg hr
SlcossOlgomers (55 [rornr Eq.No. |Equipment Name Req. |Spare |Equipment Type M at Const.
Xylose Oligomers (55) P A-701 D enaturant In-line M ixer 1 o|sTATIC S$S304
Sther Oligomers (55) o hr P-701 | Ethanol Product Pump 2 1[CENTRIFUGAL cs
Corn Steep Liquor (SS) Ko/ hr 584 960 406 30 To79 P-703 Sulfuric Acid Pump 1 1|CENTRIFUGAL SS316
(NH4)2504 (S8) kg hr P-704 |Firewater Pump 1 1[CENTRIFUGAL cs
NHA Acetate (SS) kg hr P-706 |Ammonia Pump 1 1[CENTRIFUGAL cs
Others (Soluble Solids) kg/hr P-707 Antifoam Store Pump 1 1|CENTRIFUGAL Ccs
Acetic Acid kg/hr P-708 | Diesel Pump 1 1[CENTRIFUGAL cs
Sulfuric A cid kg/hr 1,868 P-710 Gasoline Pump 1 1|CENTRIFUGAL cs
Furfural kg/hr P-720 CSL Pump 1 1|CENTRIFUGAL Ccs
HM F kg/hr T-701 Ethanol Product Storage Tank 2 O|FLAT-BTM -STORAGE A285C
Carbon Dioxide kg/hr T-703 | sulfuric Acid Storage Tank 1 O[FLAT-BTM -STORAGE  |5S316
M ethane kg/hr T-704 | Firewater Storage Tank 1 O|FLAT-BTM -STORAGE A285C
Oxygen kg/hr
T-706 Ammonia Storage Tank 1 O |HORIZONTAL-STORAGE |A515
Nitrogen kg/hr -
T-707 |Antifoam Storage Tank 1 O[FLAT-BTM -STORAGE  |A285C
A mmo nia kg/hr 1,128 8 129 8 145 1408
T-708 Diesel Storage Tank 1 O |FLAT-BTM -STORAGE A285C
NHA0H kg/hr
T-710 |Gasoline Storage Tank 1 O[FLAT-BTM -STORAGE  |A285C
Others kg/hr 227 o 12 888 888 443
T-720 CSL Storage Tank 1 O |FLAT-BTM -STORAGE SS304
Cellulose (1S) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (I5) |kg/hr
Cellulase (IS kg/hr
%) 9 VER| DESCRIPTION DATE NATIONAL RENEWABLE
Biomass (IS kg hr
Zymo(ls)( ) kz/hr A | SUBCONTRACTOR UPDATE 4/98 hla:l ENERGY LABORATORY
B | BASECASE UPDATE 9/98 ——
Lignin (1S kg hr i i
gnin (1S) 9 C | DESIGN REPORT 2/99 Biotechnology Center For Fuels And Chemicals
Gypsum (1S kg hr
ypsum (15) 9 D |FINAL 1999 DESIGN REPORT 6/99 SECTION A700
Ca(Om2 (1) kg hr
Others (Insoluble Solids)  |kg/hr STORAGE
Enthalpy Flow (millions) | Kcall hr 1.0 0.0 22 0.1 B 15 0.1 0.1 0.0 0.1 268 05 272 36 259 13 0.2 75 ;
Average D ensity g/ml 0610 0,001 0.984 0,001 0.984 0,991 0888 0,991 0,001 0.001 0.757 0688 0.753 3.102 0,998 0610 0668 0.998 L 6/24/99 R9906A xIs PFD—P100—A701 D
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| 810
|
|
|
} GAS TO STACK
|
|
|
|
|
|
|
|
|
| 809
C—-601 \
601 I
ABOT | -
} ASH TO LANDFILL
CENTRIFUGE SOLIDS [
|
|
|
|
|
M—-803 ‘
&op |
AB80Z * -—
|
FROM BOILER CYCLONE | M-803
| — ABO?
|
| LARGE SOLID PARTICLES FLUIDIZED BED COMBUSTOR
| |
|
|
|
|
|
|
|
|
|
L
M—80T
COMPONENT UNITS 601 601A 809 809A 810 Heat Stream No M M kcall hr W ork Stream No KW
Total Flow kg /hr 98,277 73,669 1,106 597,005 596,800 QM B03AIR 17.49 WMB80L 142183
Insoluble Solids % 30.6% 40.8% 100.0% 0.2% 0.0% WMB804 176.00
Soluble Solids % 4.4% 5.0% 0.0% 0.3% 0.3%
Temperature [} 40 101 167 167
Pressure atm 3.20 1.00 0.97 0.97
Vapor Fraction 0.00 0.00 0.00 1.00 1.00
Ethanol kg/hr 10 1 9 9
W ater kg/hr 61,520 37,744 121,379 121,379
Glucose (SS) kg/hr 219 219 2 2
Xylose (SS) kg/hr 203 203 6 6
Arabinose (SS) kg /hr 160 160 5 5
Other Sugars (SS) kg /hr 826 826 24 24
Cellobiose (SS) kg/hr 108 108 3 3
Glucose Oligomers (SS) kg /hr 850 850 25 25
Xylose Oligomers (SS) kg /hr 283 283 8 8
O'ther Oligomers (SS) kg /hr
Corn Steep Liquor (SS) kg /hr 1,649 1,012 1,650 1,650
(NH4)2S04 (SS) kg /hr
NH4Acetate (SS) kg /hr ) 0
Others (Soluble Solids) kg /hr 14 14 ) 0
A cetic Acid kg/hr 646 567 91 91
Sulfuric A cid kg/hr 83 83 4 4
Furfural kg/hr 49 11 38 38
HM F kg/hr 16 4 13 13
Carbon Dioxide kg/hr 96,814 96,814
M ethane kg/hr 13 13
Oxygen kg/hr 17,956 17,956
Nitrogen kg/hr 358,079 358,079
A mmo nia kg/hr o o ) o
NH40H kg /hr 30 30 Eq.No. |Equipment Name Req. |Spare |Equipment Type M at Const.
Others kg /hr 1,582 1527 638 638 M-801 |Solid Feed Rotary Dryer 1 o[misceLLanEOUS
Cellulose (IS) kg /hr 3559 3559 36 36 o M -804 |Combustion Gas Baghouse 1 o[FABRIC-FILTER A285C;FABRIC
Xylan (1S) kg /hr 778 778 8 8 o
Arabinan (1S) kg /hr 32 32 ) ) 0
O'ther Sugar Polymers (IS) |kg/hr 161 161 2 2 0
Cellulase (IS) kg /hr 312 312 5 5 0
Biomass (IS) kg!/hr 123 123 5 5 o I ;CS;ECONTRACTOR UPOARTE 4D/A;Ea - NATIONALRENEWABLE
Zymo (1S) kg /hr 531 531 9 9 0 5 DESIGN REPORT /99 Na - ENERGY LABORATORY
Lignin 09) ko/hr 22.507 22.007 227 230 3 D |FINAL 1999 DESIGN REPORT 6/99 Biotechnical Center For Fuels And Chemicals
Gypsum (1S) kg /hr 8 8 8 8 0
Ca(oH)2 (IS) kg/hr SECTION A800
Others (Insoluble Solids) kg !hr 1,946 1,946 806 816 10 BO‘LER FEED DR\(‘NG
Enthalpy Flow (millions) Kcall hr -328.5 -233.1 -2.9 -581.3 -578.3 -
Average D ensity g/ml 1.158 1.186 2.480 0.005 0.001 [=6/24/59 R9906A .xIs I PFD—P100—-A&01 D




o~ E—501 TO EVAPORATOR
T-828 A AS04
ABQS @ T-826 TO DEAERATOR
10 BLOWDOWN Saturated Steam ASOB
M—202 PRETREATMENT RXT

A201
H-501 BEER COL. REBOILER

% ************************** gl A 594
ASOT
’—\; VLP Steam i m—
\

215

PURCHASED CH,

M—811 TO PLANT USERS 815

T-606
AGO2
ANAEROBIC BIOGAS

Superheated
Steam

STEAM DRUM @ H-502 RECT. COL. REBOILER
AS02

Cwrotal Y fde e

%

| |
i i M—910 WATER STERILIZATION
Vacuum Steam
o \ HP Steam or ‘ A903
C-614 -— i /\/ i
ABO3 -~ - } <> ; o T—209 OVERLIME
D\GESPTO; 3SOUDS | e A203
- 531 ! ! M—503 MOLE SIEVE
e J 596
AS04 - - A5O3
" 803 @
FVAPORATOR  SYRUP M—202 PREHYDROLYSIS
M=801 {@ i @} ! NAY; AZ201
ABO1 N
DRYER SOLIDS M=803. -804

H-811 ARO A
TO CONDENSATE TANK
04

!

COMBUSTION AR
M—834

AB04

PHOSPHATES TO CONDENSATE TANK
P—826 M-801
ABOJS — AS01

BOILER FEED WATER TO FLUE GAS DRYER

AB0S

I

COMPONENT UNITS 531 601A 615 623 803 804 809A 812 812A 8128 813A 813B 814 815 815A 815C 816 816A 821 823 840 860 Heat Stream No. MM kcall hr W ork Stream No. KW
Total Flow kg/hr 24,371 73,669 2,632 918 98,957 471,708 597,905 235,213 235,213 18,164 242,501 242,501 44,596 81,200 25,921 65,332 55,510 55,510 7.275 18,164 o 9,823 QBOILER 150.67 WCOMBFAN 208.29
1 luble Solid % 4.8% 40.8% 0.0% 29.9% 31.8% 0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
neoluble Solids 0 0 0 0 0 0 0 0 0 0 QH811 -9.40 WKNET 11094182
Soluble Solids % 19.1% 5.0% 0.0% 0.0% 8.4% 0.0% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
QM B03AIR 17.49| |wps11 10.07
Temperature c 63 101 35 21 86 24 167 510 268 268 139 177 268 164 164 115 46 46 309 190 25 115
Pressure atm 0.21 1.00 1.00 1.00 1.00 1.00 0.97 86.06 13.00 13.00 98.31 97.63 13.00 4.42 4.42 1.68 0.10 4.20 96.26 12.32 1.00 1.68 oms11 2769 wToTAL -43533.54
Vapor Fraction 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 1.00 1.00 0.97 0.00 0.00 0.00 0.00 1.00 0.97
Ethanol kg/hr o] 1 o] 0 1 9
W ater kg/hr 14,626 37,744 115 641 53,011 6,132 121,379 235,213 235,213 18,164 242,501 242,501 44,596 81,200 25,921 65,332 55,510 55,510 7,275 18,164 9,823
Glucose (SS) kg/hr 219 219 2
Xylose (SS) kg/hr 388 203 591 6
Arabinose (SS) kg/hr 307 160 467 5
Other Sugars (SS) kg/hr 1,583 826 2,409 24
Cellobiose (SS) kg/hr 207 108 314 3
Glucose Oligomers (SS) kg/hr 1,628 850 2,479 25
Xylose Oligomers (SS) kg/hr 542 283 825 8
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 1012 ) 0 1012 1,650
(NH4)2S04 (SS) kg/hr
NH4Acetate (SS) kg/hr ) ) )
Others (Soluble Solids) kg/hr 11 14 25 o
A cetic Acid kg/hr 653 567 o (o] 1,220 91
Sulfuric A cid kg/hr 159 83 242 4
Furfural kg/hr 1 11 o (o] 12 38
HM F kg/hr o 4 o o 4 13 Eg.No. Equipment Name Req. |Spare |Equipment Type M at Const.
Carbon Dioxide kg/hr 1,137 o o 96.814
H-811 BFW Preheater 1 O |SHELL-TUBE SS304
M ethane kg/hr 1,292 o o 13 o
M-803 Fluidized Bed Combustion Reactor 1 O |MISCELLANEOUS Ccs
Oxygen kg/hr 0 ) 107,738 17,956
M-811 Turbine/Generator 1 O|STEAM -TURBINE o
Nitrogen kg/hr 0 o] 357,838 358,079
P-811 Turbine Condensate Pump 2 O|CENTRIFUGAL SS304
A mmo nia kg/hr o] 0 o] 0 o] 0
NH40H kg/hr 30 0 o] 30
Others kg/hr 3,096 1,527 57 1 4,624 638
Cellulose (IS) kg/hr 54 3,559 3,613 36
Xylan (1S) kg/hr 12 778 790 8
Arabinan (1S) kg/hr ) 32 33 [5)
Other Sugar Polymers (IS) |kg/hr 2 161 164 2
Cellulase (IS) kg/hr 234 312 546 5 VER| DESCRIFTION DATE
Biomass (IS) kg/hr 92 123 275 489 5 NATIONAL RENEWABLE
A | SUBCONTRACTOR UPDATE. 4/98 ] ENERGY LABORATORY
Zymo (IS) kg/hr 398 531 929 9 —1-.
Li (1s) kg/h 346 22,607 22,953 230 B _|BASECASE UPDATE 9/98
ignin r i B i i
9 9 ¢ |DESIGN REPORT 4/99 Biotechnology Center For Fuels And Chemicals
Gypsum (IS kg/hr o] 8 8 8
ypsum (1) 9 D [FINAL 1999 DESIGN REPORT 6/99 SECTION AS00
Ca(OH)2 (IS) kg/hr
Others (Insoluble Solids) | kg/hr 30 1,946 1,976 816 COMBUSTOR AND TURBO GENERATOR
Enthalpy Flow (millions) Kcall hr -71.7 -233.1 -4.2 -2.7 -307.5 -19.8 -581.3 -705.4 -730.3 -56.4 -890.9 -881.5 -138.5 -255.9 -81.7 -208.2 -209.2 -209.2 -25.3 -65.8 0.0 -31.3 "
Average D ensity g/ml 1.094 1.186 0.001 1.148 1.163 0.001 0.005 0.026 0.006 0.006 0.932 0.896 0.006 0.002 0.002 0.001 0.990 0.990 0.693 0.876 0.001 0.001 L 6/24/99 RQ%A-XIS PFD*P/‘ OO*A802 D




M-811

315
AS0?2 VENT TO ATMOSPHERE
LP STEAM @
P-912
A902 ¢ S |
PROCESS WATER I
P-811 £1en !
8
AB02 | Mehs
-
TURBINE CONDENSATE M—=820 T-828 A802
H—502 T-826 -
43 y | 1-804 e BOILER BLOWDOWN
A502 | | —
FROM RECTIFICATION REBOILER
H-501
A5O ,‘ -WPSZS
813
w828 5—600
FROM BEER REBOILER —— " 821
M=910 P—826 AcO?2
A9035 = TO WWT
WPED# P-828
WATER STERILIZER
M—-503 (>
A503 H-811
P=804
FROM MOLE SIEVE SUPERHEATER @ _ A802
H-—811 861 P-824
ABOT F 501 — TO BFW PREHEATER
FROM BOILER PREHEATER A504
M—832
ASO4 FROM EVAPORATOR
AMMONIA
M—-830
HYDRAZINE
COM PONENT UNITS 593 595 597 811 BLLA 8118 812E 813 B13A B15A 816A 821 823 Heat Stream No. MM kcallhr Work Stream No. W
Total Flow kg hr 6,814 54,459 267 71331 145,249 216,580 0 242,501 242,501 25021 55510 7,275 18,164 WPB04 Toco
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
W P824 13.84
Soluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Temperature c 148 148 148 26 99 75 137 139 164 26 309 190 wh826 894.72
Pressure atm 4.42 4.42 4.42 3.40 1.70 3.40 3.30 3.30 98.31 4.42 4.20 96.26 12.32 WP828 2.29
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
Ethanol kg/hr
W ater kg/hr 6,814 54,459 467 71,331 145,249 216,580 242,501 242,501 25,921 55,510 7,275 18,164
Glucose (5S) kg hr
Xylose (SS) g/hr
Arabinose (SS) kg hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (5S)  |ka/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr
(NH4)2S04 (SS) kg/hr
NH4 Acetate (SS) kg hr
Others (Soluble Solids) kg hr Eq.No. |Equipment Name Req. | Spare |Equipment Type M at Const.
Acetic Acid kg/hr M-820 |Hot Process W ater Softener System 1 0[PACKAGE )
Sulfuric Acid kg/hr P-804 |Condensate Pump 2 O[CENTRIFUGAL SS316
Furfural kg/hr P-824 |Deaerator Feed Pump 2 O[CENTRIFUGAL SS304
HM F kg/hr P-826 BFW Pump 5 0|CENTRIFUGAL SS316
Carbon Dioxide kg/hr P-828 Blowdown Pump 2 O|CENTRIFUGAL Cs
M ethane kg/hr T-804 [Condensate Collection Tank 1 0 [VERTICAL-VESSEL A285C
O?(yge" kg/hr T-824 |Condensate Surge D rum 1 0 [HORIZONTAL VESSEL _ |SS304
Nitrogen ko/nr T-826 |Deaerator 1 0[HORIZONTAL-VESSEL _ |CS;55316
2:;‘;:@ ig::r T-828 |Blowdown Flash Drum 1 0[HORIZONTAL-VESSEL _|Cs
g/hr
Others kg/hr
Cellulose (1S) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (1S) |kg/hr
Cellulase (IS) kg/hr
Somass(S) PRI VER| DESCRIPTION DATE NATIONAL RENEWABLE
Zyma (15) Py A | SUBCONTRACTOR UPDATE 4/98 N?:l ENERGY LABORATORY
i 9 B | BASECASE UPDATE 9/98 -——
Lignin (IS) kg/hr C |DESIGN REPORT 4/99 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) kg/hr
D |FINAL 1999 DESIGN REPORT 6/99
Ca(OM)2 (I1S) kg/hr / SECTION A800
Others (insoluble Solids) _|kgnr BOILER FEED WATER PREPARATION
Enthalpy Flow (millions) Kcall/ hr -24.9 -199.3 -1.7 -270.2 -539.7 -809.9 -891.6 -890.9 -81.7 -209.2 -25.3 -65.8
Average D ensity g/ml 0.865 0.865 0.865 0.997 0.959 0.975 0.928 0932 0.002 0.990 0693 0.876 L 6/24/99 RQ%A-Xls ‘ PFD*PW OO*A803 D
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| | | |
I I | ALL LOADS SEASONAL | | |
951
| EVAPORATION ‘ | | | INSTRUMENT AIR |
\ \ \ \ \ ‘
\ \ | \ | ‘
} I I I | I
TO ATMOSPHERE I | | | |
} PROCESS I | | | TO DISTRIBUTION |
I | | I I
‘ WATER ‘ | |
WINDAGE I I
} P—-914 949 } | | | |
@ | | | |
} A902 | | I | |
I I — — I I I
\ MAKEUP TO ATMOSPHERE \ || (Cwmisos F-401-3 ‘ ‘ ‘
\ \ \ [ \ ‘
‘ \ \ \ | |
} } \ \ | |
_ | | | |
\ wwooz )y |M=302 ‘ | |{acHweap ‘ | |
| | ! ! | |
| | | |
| B, | (v cus |
| HEADER PSg02 ‘ | | ! !
- ! \ \
\ CWS USERS | | | } }
I |
| BLOWDOWN H-200 H-504 I } } } S-904 }
| F—301-5# H-505* | | } ‘ - i
! T-904 !
‘ H—3004# \ \ \ | _— |
| H-=517 | ‘ ‘ | WM904 |
| H-301 M—503 | \ \ | \
| | | |
| %43 H-302 H—602 | | | | |
I I I I I
} M-401 M—-811 | | | | M—904 I
- | | | - TO PLANT
I #Supplemented by well water and chilled water | | | ! !
| S—-600 ‘ < | |
| *Start—up only 7602 | } a } } }
¢
} } | | | AIR SYSTEM |
\ \
i COOLING WATER SYSTEM TO WWT | | CHILLED WATER SYSTEM M—-908 ‘ | PLANT AND INSTRUMENT AIR |
———— ——————————————————————————————————————————————— E L | o ]
COMPONENT UNITS 940 941 942 944 945 949 950 951 Heat Stream No. M M kcall/hr W ork Stream No . kw
Total Flow kg/hr 13,840,700 196,024 11,516 17,820 13,840,700 166,688 4,878,840 4,878,840 QCWCAP 116.24 WM902 745.49
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% QCHWCAP 17.43 WM904 186.40
Soluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% W M908 1346.93
Temperature C 37 28 28 28 28 28 a4 8 W S904 12.00
Pressure atm 4.08 1.00 1.00 1.00 4.08 0.04 4.08 4.08
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00
Ethanol kg/hr
W ater kg/hr 13,840,700 196,024 11,516 17,820 13,840,700 166,688 4,878,840 4,878,840
Glucose (SS) kg/hr
Xylose (SS) ko /hr
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr
(NH4)2504 (SS) kg/hr
NH4Acetate (SS) kg/hr
Others (Soluble Solids) kg/hr
Acetic Acid kg/hr
Sulfuric Acid kg/hr
Furfural kg/hr
HM F kg/hr
Carbon Dioxide kg/hr
M ethane kg/hr
Oxygen kg/hr
Nitrogen kg/hr
Ammonia ko /hr Eq.No. |Equipment Name Req. |Spare |Equipment Type M at Const.
NHZ0H Ko /hr M-902 |Cooling Tower System 1 0|[INDUCED-DRAFT FIBERGLASS
Others Ko hr M -904 |PlantAir Compressor 2 1|[RECIPROCATING Ccs
Cellulose (15) Ko hr M -908 |Chilled Water Package 3 O|CENTRIFUGAL Cs
Xylan (1S) RgIhr P-902 |Cooling Water Pumps 1 1|CENTRIFUGAL cs
Arabinan (1S) KgIhr S-904  |Instrument Air D ryer 1 1|PACKAGE cs
Other Sugar Polymers (IS) kg/hr T-904 Plant Air R eceiver 1 O |JHORIZONTAL-VESSEL Ccs
Cellulase 49) ko VER| DESCRIPTION DATE NATIONAL RENEWABLE
!
8 lomass (8) ko/nr A_| SUBCONTRACTOR UPDATE 4/98 MNR=! ENERGY LABORATORY
!
2o 09 o B | BASECASE_UPDATE 9/98 TR i .
Lignin (1S) kg/hr C |WwT UPDATE 11/98 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) kg/hr
D |FINAL 1999 DESIGN REPORT 6/99 SEC‘HON Agoo
Ca(OH)2 (Is kg/hi
v e o COOLING WTR PLNT & INST AIR SYS
Others (Insoluble Solids) | kg/hr C
Enthalpy Flow (millions) Kcall hr -52268.9 -741.9 -43.6 -67.4 -52385.2 -534.2 -18572.0 -18554.6 "
Average Density g/ml 0.982 0.991 0.991 0.991 0.991 0.000 1.014 1.010 LL 6/24/99 RQ%A'XIS . ‘ PFDip/‘ Oongo/‘ ‘ D




924

1-512

AS02

SCRUBBER
M-820

H-300 WP912 411
A302 & g z -— ABOS
P—912 BOILER FEED WATER
WELL WATER RECEIVING MAKEUP
W—101
5_616 MAKE—UP WATER
2603 02 F-301-5
TREATED WASTE WATER
" SSCF SEED
B804
TO MIX W/RECYCLE WATER
‘ M—910
906
STERILIZATION WATER
M—-902
WpP914 905 941
-— A901
-914 COOLING TOWER MAKE-UP
T-914
COMPONENT UNITS 524 604 624 811 904 905 906 941 943 Heat Stream No M M kcall/hr W ork Stream No. kw
Total Flow kg/hr 13,042 83,163 173,154 71,331 185,593 274,375 63 196,024 101,220 wWP912 20.73
Insoluble Solids % 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% wP914 60.24
Soluble Solids % 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Temperature c 13 20 21 26 26 24 20 28 28
Pressure atm 1.00 1.00 1.00 3.40 1.00 1.00 1.00 1.00 1.00
Vapor Fraction 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ethano | kg/hr 0 0
W ater kg/hr 13,042 83,163 172,755 71,331 185,593 273,976 63 196,024 101,220
Glucose (SS) kg/hr
Xylose (SS) ko /hr
Arabinose (SS) kg/hr
Other Sugars (SS) kg/hr
Cellobiose (SS) kg/hr
Glucose Oligomers (SS) kg/hr
Xylose Oligomers (SS) kg/hr
Other Oligomers (SS) kg/hr
Corn Steep Liquor (SS) kg/hr 75 75
(NH4)2S504 (SS) kg/hr
NH4Acetate (SS) kg/hr 25 25
Others (Soluble Solids) kg/hr
A cetic Acid kg/hr 2 2
Sulfuric A cid kg/hr
Furfural kg/hr 2 2
HM F kg/hr 1 1
Carbon Dioxide kg/hr 0 0
M ethane kg/hr 0 0
O?(yge" kgrhr 1 1 Eq.No. |Equipment Name Req. |Spare |Equipment Type M at Const.
Nitrogen ko/hr 3 3 P-912 M ake-up W ater Pump 1 1|CENTRIFUGAL Cs
Ammo nia kg/hr 5 5
P-914 Process W ater Circulating Pump 2 1|CENTRIFUGAL cs
NH40H kg/hr 32 32
Others 7T 250 250 T-914 Process W ater Tank 1 O|FLAT-BTM -STORAGE Ccs
Cellulose (IS) kg/hr
Xylan (IS) kg/hr
Arabinan (IS) kg/hr
Other Sugar Polymers (IS) |kg/hr
;e"”'ase((l':)) :g;:’ VER| DESCRIPTION DATE NATIONAL RENEWABLE
iomass 97T
— — A | SUBCONTRACTOR UPDATE 4/98 NR=L ENERGY LABORATORY
B | BASECASE UPDATE 9/98
Lignin (1) kg/hr C | DESIGN REPORT 2/99 Biotechnology Center For Fuels And Chemicals
Gypsum (IS) kg/hr
PG P D |[FINAL 1999 DESIGN REPORT 6/99 SEC"H ON Ag OO
Others (Insoluble Solids) | ka/hr PROCESS WATER
Enthalpy Flow (millions) Kcall hr -49.5 -315.4 -656.2 -270.2 -702.8 -1039.4 -0.2 -741.9 -383.1
Average D ensity g/ml 1.005 0.998 0.997 0.997 0.993 0.995 0.998 0.991 0.991 LL 6/25/99 RW'X|S ‘-PFDipw OoiA902 D




P-914

A902

STERILIZATION CLEANING

CHEMICALS CHEMICALS

PROCESS WATER

F-300

F-301-5

F—400

F—401—4

H-501, H-512
D-501

E-501, E-502
E-503

COMPONENT UNITS 906 909 914 916 Heat Stream No. M M kcallhr W ork Stream No kw
Total Flow kg/hr 63 63 63 63 QH910 0.04

Insoluble Solids % 0.0% 0.0% 0.0% 0.0%

Soluble Solids % 0.0% 0.0% 0.0% 0.0%

Temperature Cc 20 121 20 20

Pressure atm 1.00 1.00 1.00 1.00

Vapor Fraction 0.00 1.00 0.00 0.00

Ethanol kg/hr

W ater kg/hr 63 63 63 63

Glucose (SS) kg/hr

Xylose (SS) kg/hr

Arabinose (SS) kg/hr

Other Sugars (SS) kg/hr

Cellobiose (SS) kg/hr

Glucose Oligomers (SS)  [kg/hr

Xylose Oligomers (SS) kg/hr

Other Oligomers (SS) kg/hr

Corn Steep Liquor (SS) kg/hr

(NH4)2S04 (SS) kg/hr

NH4 Acetate (SS) kg/hr

Others (Soluble Solids) kg/hr

Acetic Acid kg/hr

Sulfuric Acid kg/hr

Furfural kg/hr

HM F kg/hr

CarbonDioxide kg/hr

M ethane kg/hr

Oxygen kg/hr

Nitrogen kg/hr

Ammo nia kg/hr

NH4O0H kg/hr

Others kg/hr Eq.No. |Equipment Name Req. [Spare [Equipment Type M at Const.
Cellulose (IS) kg/hr M-910 CIP System 1 o|MISCELLANEOUS cs

Xylan (1S) kg/hr

Arabinan (IS) kg/hr

Other Sugar Polymers (iS) [kg/hr

Cellulase (IS) kg/hr

& |suBconteacror upoE | 4/58 =) DNEROr LGORMORY
Zymo (15) aihr NR=! ENERGY LABORATORY
Tonin (15) PRV B | BASECASE UPDATE 9/98 Biot h_\_ Center For Fuels And Chemical
TS — C |DESIGN REPORT 2/99 iotechnology Center For Fuels An emicals
FCINE) PRV D |FINAL 1999 DESIGN REPORT 6/99 SEC—HON Agoo

Sihers (neoubie Sos) [rali STERILE WATER & CIP/CS SYSTEMS
Enthalpy Flow (millions) [Kcal/hr 0.2 0.2 0.2 0.2 B

Average D ensity g/ml 0.998 0.001 0.998 0.998 L 6/24/99 R9906A.xIs ‘ PFD—-P100—-A903 D




